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(54) Spread spectrum communication system 

(57) A spread spectrum cmmunlcation apparatus, 
comprises a reception antenna (102) for receiving a 
transmission signal; frequency converting means (104) 
for frequency converting the signal received at said re- 
ception antenna by a frequency in synchronization with 
transmlssbn frequency to baseband I and Q signals; 
converting means (110) for converting the baseband I 
and Q signals frequency converted by said frequency 
converting means to digital signals; first correlating 
means (114) for correlating an output from said convert- 
ing means with a predetermined code; first determining 
means (116) for determining an output from said first 
' .-^correlating means and outputting demodulated data; 
spread symbol estimating means (120) for estimating, 
using determination data of the output of said first de- 



termining means, preceding and succeeding spread 
symbols multiplexed on a multiplexed spread symbol to 
be cancelled; multiplexed signal removing means (124) 
for cancelling, by subtracting preceding and succeeding 
spread symbols to be cancelled multiplexed on the mul- 
tiplexed spread symbol to be cancelled, by adjusting 
through successive delay timings of the spread symbol 
to be cancelled of the output from said spread symbol 
estimating means and timing of the multiplexed spread 
symbol to be cancelled of the output from said convert- 
ing means; second correlating means (121) for correlat- 
ing an output from sakj multiplexed signal removing 
means and a predetermined code; and seconcfjfjeter- 
mining means (1 30) for determining an output from said 
second correlating means and providing demodulated 
data. 
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Description 

BACKGROUND OF THE INVENTION 
s Field of the Invention 

[0001] The present invention relates to a spread spectrum communication system capable of preventing degradation 
of communication perfomnance while realizing multiplexed high-speed communicatbn. 

10 Description of the Background Art 

[0002] Communication using nan-ow band nrKxJulatbn system has been conventionally used in the field of data com- 
munication. Such a system is advantageous in that demodulation at the receiver can be carried out by a relatively small 
circuitry. However, it has a disadvantage that it is week against multiple path fading and narrow band color noise in a 

IS room (office, factory or the like). 

[0003] By contrast, in spread spectrum communication system, spectrum of data is spread by a spread code and 
the data is transmitted in a wide band. Therefore, the aforementioned disadvantage can be eliminated. 
[0004] In Japan, use of ISM band of 2.45 GHz has been approved and comes to be practically used. The permitted 
band within the ISM band of 2.45 GHz is the band width of 26 MHz. with the spreading rate of at least 1 0. Accordingly 

20 when BPSK modulatton is used, for example, the data rate which can be transmitted is about 1 .3 MHz. 

[0005] On the other hand, higher speed of communication has been desired, and for this purpose, multiplex trans- 
mission becomes necessary. One method has been proposed for this multiplex transmission, in which data are spread 
by the same spreading code and the spread code are multiplex with a delay. This will be described in detail. 
[0006] Fig. 1 23 is a schematic block diagram showing a transmitter of a conventbnal spread spectrum communication 

2S system. Refen-lng to Fig. 1 23, the transmitter of the conventbnal spread spectrum communication system Includes a 
serial/parallel converting portion 461 , multipliers 463, 465, 467, delay circuits 469. 471 , 473, a spread code generator 
(PN generator) 475, a synchronizing circuit 477, an adder 479, an amplifier 481 , a kx:al oscillator 483, a spread code 
generator for synchronization (PN generator for synchronization) 485, a multiplier 487 and a mixing circuit 489. 
[0007] In the transmitter of the conventbnal spread spectrum communication system, serial baseband data S is 

30 converted to N channel parallel data by serial/jsaraltet converting portion 461 . Meanwhile, a first spread code generated 
by PN generator 475 is input to N type of delay circuits 469 to 473. The delay time is selected to be shorter than one 
cycle time of the spread code pattern, and respective delay circuits have mutually different delay times. 
[0008] The PN generator 485 for synchronization generates a secorid spread code in synchronization with the first 
spread code. The second spread code is used for acquisition and tracking in synchronization with the receiving side. 

3S [0009] The N channel parallel data output from serial/parallel converting portion 461 are subjected to spreading and 
modulated by the N type of first spreading code having different phases, by multipliers 463 to 467. The spread and 
modulated data are subjected to analog addition at adder 479 and converted to data of 1 channel. 
[0010] Mixing circuit 489 mixes the output from PN generator 485 for synchronization and an output from local os- 
cillator 483, and multiplier 487 multiplies the output from adder 479 by the output from mixing circuit 489. The multiplied 

40 data is amplified by amplifier 481 and externally transmitted through an antenna, not shown, from a duplexer , not 
shown, as a radio signal. 

[0011] The transmitter of the conventional spread spectrum communication system described above is disclosed in 
Japanese Patent Laying-Open No. 4-360434. In this laid open patent, it is mentioned that delay circuits 469 to 473 
have mutually different delay time. However, it is not disclosed that the delay is at least 1 chip. When the delay is 1 

45 chip or shorter, it Is possible that correlated outputs are overlapped in the receiver, degrading error rate characteristb. 
This will be described in greater detail. (Incidentally, the term "chip" as used -above, and throughout this specification 
means the time of 1 bit of a PN code used in the spread spectrum communicatiori. The term "chip" is used to distinguish 
the bit of the PN code from the bit of the data to be transmitted. For example, a PN code of 0101001 includes 7 chips.) 
[0012] Fig. 124 shows correlated outputs on the receiver side, when the delay provided on the transrnitting side is 

so within 1 chip. The abscissa represents time t. Referring to Fig. 1 24, it can be understood that two correlated waveforms 
are overiapped. In this case, at a sample point SP, because of the influence of signal component (the portion represented 
by the arrow a) at the overlapping portion, con-elated outputs are degraded, and hence error rate characteristic at the 
time of reception is also degraded. This is because auto<;orrelation characteristic of two correlated waveforms are 
independent when the waveforms are apart from each other by at least 1 chip, but not independent when the waveforms 

ss are not apart from each other by at least 1 chip. 

[0013] In the transmitter of the conventbnal spread spectrum communication system, the first spread code Is delayed, 
and the delayed first spread code is multiplied by parallel converted data to realize spreading. In this method, the point 
at which data changes and the start of the spreading code are not matched. This results in a disadvantage that de- 
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modulation using a correlator becomes difficult. This will be described in greater detail. Fig. 125 shows parallel con- 
verted data (N channel parallel data) and the first spread code shown in Fig. 1 23. 

[0014] In Fig. 1 25, (a) represents parallel converted data at nodes a1 , a2 aN of the transmitter shown in Fig. 123. 

The data at respective nodes a1 to aN all have the same timing. 
5 [0015] In Fig. 125, (b) shows the first spreading code at node b of the transmitter shown in Fig. 123. It is assumed 
that one cycle of the spread code is T. 

[0016] InFlg. 125, (c) show spread codes at nodes c1,c2. ...cN of the transmitter shown In Fig. 123. The first spread 
code at nodes c1 to cN are delayed by the delay time to 1^. by corresponding delay circuits 469 to 473. respectively. 
Therefore, as shown in (a) and (c) of Fig. 125, the timings of the first delay codes are shifted from the timing of the 
10 parallel converted data. The Influence when the timing of the first spreading codes are offset from the timings of the 
parallel converted data will be described in greater detail. 

[0017] Fig. 126 is an illustration showing undesirable influence caused when the timing of the first spreading codes 
is offset from the timing of the parallel converted data In the transmitter. 

[0018] In Fig. 126, (a) shows the parallel converted data at node a1 of Fig. 123. Here, B represents 1 bit of data. 
IS [0019] In Fig. 126, (b) shows a spread code at node b of Fig. 123. In Fig. 124, (c) shows a spread code at node c1 
of Fig. 1 23. As can be seen from these portions, the first spread code is delayed by from the parallel converted data, 
and the timing Is offset. 

[0020] Fig. 126 (b) represents correlated output at a receiver not shown, when the parallel converted data and the 
first spread code are well timed. Fig. 126(e) shows the con-elated output at the receiver, when the timing of the first 
20 spread code is offset by the delay time x^ form the parallel converted data. 

[0021] As shown In (d) and (e) of Fig. 126, if the parallel converted data and the first spread code are off timing, the 
correlated output becomes smaller at the receiver. The reason for this is that the first spread code is replaced by a 
code of a correlator Included in a receiver, not shown, as the input signal (datei) is inverted midway the first spread 
code. This will be described In greater detail. 
2S [0022] Fig. 1 27 shows specific examples of correlated outputs when the timings of the data and the first spread code 
are matched. 

[0023] The row a represents data. The row b represents the first spread code. The first spread code includes 7 chips. 
More specifically, the first spread code is (1010101). 

[0024] The row c represents the result of multiplication of the data by the first spread code. The row d represents 
30 correlator code possessed by the correlator of the receiver The row e represents correlated outputs. 

[0025] Fig. 128 shows specific examples of the correlated outputs at the receiver, when the timing of data is offset 
from the timing of the first spread code. 

[0026] Referring to Fig. 1 28, the row a represents data. The row b represents the first spread code. The first spread 
code Includes, similar to the first spread code shown in Fig. 127, 7 chips. -i.. 
3S [0027] The row c represents results of multiplication of data by the first.spread code. The row b represents correlator 
code possessed by the correlator of the receiver. The row e represents correlated output. 

[0028] As can be seen from the rows a and b, the timing of the data is off from the timing of the first spread code. In 
Fig. 127, the correlated outputs based on the second from the left data 1 is 7. Meanwhile, in Fig. 128. the correlated 
output based on the second from left data 1 is 5. From the companison between Figs. 127 and 128, It is understood 
40 that correlated output is degraded when the data and the first spread code are off the timing. The correlated output for 
the third from the left data 0 is also degraded. 

[0029] The reason why the correlated output based on the second from the left data Is not 7 but 5 in Fig. 1 28 will be 
described. The first spread code is delayed with respect to the data. Therefore, the last Information 1 (denoted by arrow ^ 
f) of the second from the left spread code corresponding to the seccHid from the left data 1 is multiplied not by the 
45 second from the left data 1 but by the next, the third from the left data 0 (deaoted by the arrow g). Accordingly, as 
'>^"' shown second from the left portion of the row c, the result of the multiplication of the sprlBad- code and the data is 

1 01 01 00. By contract, In Fig. 1 27, as can be seen at the second from the left portion of the row c, the result of multi- 
plication of the data by the first spread code is 1010101. 
[0030] The correlator codes are the same both in Figs. 127 and 128. 
so [0031] From the foregoing, the correlated output based on the second from the left data 1 of Fig. 127 is 7, while 
correlated output based on data 1 of Fig. 128 is 5, that is, degraded. The same applies to the correlated output based 
on the third from the left data 0. ' 

[0032] From the foregoing, it becomes clear why demodulation becomes difficult when the timing of data Is offset 
from the timing of the first spread code. 
ss [0033] Further, in the spread spectrum communication system disclosed in Japanese Patent Laying-Open fsio. 
5-252141 , multiplexing Is performed with the spread signals delayed by 1 chip or 2 chip. It is disclosed that a spread 
code of which side lobe of auto-correlation function attains 0 in a prescribed period Is used. However, it is not described 
in this reference that the time Is an arbitrary time period not shorter than 1 chip. Further, only a special spread code of 
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which side lobe periodically attains 0 is used. 

[0034] In this case, from the speciality of the code, the possible delay time is restricted to the point where auto- 
correlation of the code attains to 0, that is, either 2 chips or 1 chip. Therefore, there has been a disadvantage that 
freedom in designing the spread spectrum communication system is limited. 
s [0035] Further, when there is a delayed wave caused by multipath, for example, it may be possible that the delayed 
wave spread over a time period of several chips. In such a case, if the delay interval corresponds to 2 chips, delayed 
waves may be overlapped, resulting in degraded characteristics. 

[0036] Further, as the demodulating method, the receiver of the spread spectrum communication system disclosed 
in Japanese Patent Laying-Open No. 4-360434 mentioned above performs active despreading by multiplying the 
10 spread code. The receiver of the spread spectrum communication system disclosed in Japanese Patent LayingOpen 
No. 5-252141 mentbned above uses output from a matched filter (correlator) sampled directly, as demodulation data. 
[0037] In such a case. If several waves are Input multiplexed with each other because of* multipath, for example, 
what can be demodulated is only an Interfered one wave of the several waves, and hence characteristics are degraded. 

IS SUMMARY OF THE INVENTION 

[0038] The present invention was made to solve the above described problem and its object is to provide a spread 
spectrum communication system allowing multiplex communication without degrading error rate characteristics. An- 
other object of the present Invention is to provide a spread spectrum communication apparatus allowing multiplex 
20 communication while preventing degradation of correlated outputs and preventing difficulty In demodulation. 

[0039] A still further object of the present Invention is to provide a spread spectrum communication apparatus en- 
suring higher degree of freedom In designing. 

[0040] A still further object of the present invention is to provide a spread spectrum communication apparatus capable 
of improving communication performance under multipath environment. 

2S [0041] Briefly stated. In the present Invention, data sequence is converted to a plurality of parallel signals, the pjurality 
of parallel signals are multiplied by a spread code resulting in a plurality of spread signals, the plurality of spread signals 
are modulated, resulting in a plurality of intermediate frequency signals, the plurality of intermediate frequency signals 
are delayed by a plurality of different delay times, and the delayed signals are multiplexed to be output as a transmission 
signal, where the different delay times are set to have an art^itrary time difference of at least 1 chip from each other. 

30 [0042] Therefore, according to the present invention, the timing of the parallel signal and the timing of the spread 
code are not offset from each other because of the delay tor multiplexing, and it is possible to constantly match these 
two times. Accordingly, multiplex communication is possible while preventing degradation in correlated outputs on the 
receiving side and avoiding difficulty in demodulation. 

[0043] In accordance with another aspect of the present Invention, data sequence Is converted to a plurality of parallel 
35 signals, the plurality of parallel signals are multiplied by a spread code, resulting in a plurality of spread signals which 
are of the baseband, the plurality of spread signals are delayed by a plurality of different delay times, and a plurality 
of delay signals are generated. At this time, the plurality of different delay times are set to have an ari^itrary time 
difference of at least 1 chip from each other According to this aspect, multiplexing is realized by delaying a plurality 
of spread signals obtained by multiplication of a plurality of parallel signals by a spread code. Therefore, the timing of 
40 the spread code and the timing of the parallel signals are not offset because of the delay for multiplexing, and these 
two timings match with each other As a result, multiplex communication becomes possible while degradation in cor- 
related outputs on the receiving side is prevented and difficulty in demodulation is avoided. 

[0044] According to a still further aspect of the present invention, data sequence is converted to a plurality of parallel 
signal, the plurality of parallel signals, which are the baseband signals, are delayed by a plurality of different delay 

^ times, and a plurality of delayed parallel signals are generated. 

[0045] Therefore, in the present invention, the parallel [signals corresponding to a delay spread code are delayed by 
the same delay time as that of the delay spread code, so that the timing of the delayed parallel signals and the timing 
of the delay spread codes are not offset from each other because of the delay for multiplexing, and these two timings 
are matched. Therefore, multiplex communication becomes possible while preventing degradation in correlated outputs 

so on the receiving side and avoiding difficulty in demodulatbn. 

[0046] In a still another aspect of the present inventbn, data sequence is converted to a plurality of parallel signals 
and latched, a spread code is delayed by a plurality of different delay times, resulting in a plurality of delayed spread 
codes, the latched signals are multiplied by the plurality of delayed spread codes, resulting in a plurality of delayed 
spread signals, and these signals are multiplexed to be output as a transmission signal. A plurality of latch control 

ss signals which are of the same timing as the start chip of respective corresponding delay spread codes, and the plurality 
of parallel signals are latched by the latch control signals, whereby the timings of the plurality of latch signals to be 
multiplied match with the timing of the plurality of delay spread codes. 

[0047] Therefore, in this aspect of the present invention, the timing of the latch signals and the timing of the delay 
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spread signals match each other. 

[0048] In a preferred embodiment, differential deccxiing is performed using a signal based on the transmission signal, 
and time interval between the signals to be differentially decoded is made shorter, whereby the change in paths during 
that period can be made smaller, improving the effect of PDl (Post Detection Integration). 

5 [0049] Further, in accordance with a still further aspect of the present invention, correlation between a delay signal 
and a predetermined code is found, a known data portion is detected from the correlated signal, a correlated signal at 
the time of actual measurement is output based on the detectbn signal, and the signal and a correlated outputs are 
compared with each other, thus providing a delay profile which corresponds to the status of the delay signal. 
[0050] More preferably, delay spread is found from the calculated delay profile, and predetermined various charac- 

10 teristics are calculated biased on the value. 

[0051] In the method of spread spectrum communication in accordance with a still further aspect of the present 
invention, signals spread by the same spread code are each delayed by an arbitrary several chips and multiplexed for 
transmissbn, a spread code which is uniquely defined based on one of preceding or succeeding data is used no matter 
whether the side lobe of auto-correlation is of odd correlation or even correlation, correlation of data timing of (number 

IS of multiplexing -1 ) is held before and after the central correlation which is to be cancelled, the preceding or succeeding 
data is selected, the correlated value of the preceding or succeeding data which is determined uniquely is selected 
and added, the result of addition Is multiplied but the spreading rate, and the result of multiplication is added to^ub- 
tracted from the correlated value to be cancelled, whereby the side lobe of the auto-correlation is cancelled. 
[0052] The foregoing and other objects, features, aspects and advantages of the present invention will become more 

20 apparent from the following detailed description of the present invention when taken in conjunction with the accompa- 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 [0053] Fig. 1 is a schemata block diagram showing a transmitter of a spread spectrum communication system in 
accordance with a first embodiment of the present Invention. 

[0054] Fig. 2 shows a relatbn between data and a spread code in the transmitter of the spread spectrum communi- 
cation system in accordance with the first embodiment of the present invention. 
[0055] Fig. 3 is an illustration of differential coding performed at the differential coding portion of Fig. 1 . 
30 [0058] Fig. 4 Is a schematic block diagram showing a transmitter of the spread spectrum communication system in 

accordance with a second embodiment of the present invention. 

[0057] Fig. 5 is a schematic block diagram showing a transmitter of a spread spectrum communication system in 
accordance with a third embodiment of the present invention. 

[0058] Fig. 6 is a schematic block diagram showing a transmitter of the spread spectrum confimunlcation system in 
35 accordance with a fourth embodiment of the present inventbn. 

[0059] Fig. 7 is an Illustration for help understanding of the operation at the latch portion and the latch controller of 

Fig. 6. 

[0060] Fig. 8 is a schematic block diagram showing a transmitter of the spread spectrum communication system in 
accordance with a fifth embodiment of the present invention. 
40 [0061] Fig. 9 is an illustration of differential decoding at the differentiating portion of Fig. 8. 

[0062] Fig. 10 is a schematic block d'agram showing a receiver of the spread spectrum communication systern in 
accordance with a fifth embodiment of the present invention. 

[0063] Fig. 11 is an illustration of differential decoding at the differentiating portion of Fig. 10. 
[0064] Fig. 12 is a schematic block diagram showing a receiver of the spread spectrum communlcatbn system in 
45 accordance with a seventh embodiment of the present invention. 

[0065] Fig. 13 is a schematic block diagram showing a receiver-of^the'Spread spectrum communicatfon system in 
accordance with an eighth embodiment of the present invention. 

[0066] Fig. 14 is a schematic block diagram showing a receiver of the spread spectrum communication system in 
accordance with a ninth embodiment of the present invention. 
so [0067] Fig. 15 Is a schematic block diagram showing a receiver of the spread spectrum communication system in 
accordance with a tenth embodiment of the present invention. 

[0068] Fig. 16 is a schematic block diagram showing a receiver of the spread spectrum communication system In 
accordance with an eleventh embodiment of the present invention. 

[0069] Fig. 17 is an illustration of differential decoding at the differentiating portion of Fig. 16. 
ss [0070] Fig. 18 is a schematic block diagram showing a receiver of the spread spectrum communlcatton system in 
accordance with a twelfth embodiment of the present Invention. 

[0071] Fig. 19 is a schematic block diagram showing a receiver of the spread spectrum communication system in 
accordance with a thirteenth embodiment of the present invention. 
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[0072] Fig. 20 is a schematic block diagram showing a receiver of the spread spectrum communication system in 
accordance with a fourteenth embodiment of the present invention. 

[0073] Fig. 21 is a schematic block diagram showing a receiver of the spread spectrum communication system in 
accordance with a fifteenth embodiment of the present invention. 

[0074] Fig. 22 is a schematic block diagram showing a receiver of the spread spectrum communrcation system in 
accordance with a sixteenth embodiment of the present invention. 

[0075] Fig. 23 Is a schematic block diagram showing a receiver of the spread spectrum communlcatbn system In 
accordance with a twenty-fifth embodiment of the present invention. 

[0076] Fig. 24 is an illustration showing the operation of the latch portion and the latch controller of Fig. 23. 
[0077] Fig. 25 is a schematic block diagram showing a receiver of the spread spectrum communication system in 
accordance with a twenty-seventh embodiment of the present invention. 

[0078] Fig. 26 Is a schemata block diagram showing a transmitter of the spread spectrum communication system 
in accordance with a twenty-ninth embodiment of the present invention. 

[0079] Fig. 27 is a schematic block diagram showing a receiver of the spread spectrum communicatwn system in 
accordance with the twenty-ninth embodiment of the present invention. 

[0080] Fig. 28 is a schematic block diagram showing a receiver of the spread spectrum communicatbn system In 
accordance with a thirty-first embodiment of the present inventbn. 
[0081] Fig. 29 is an illustration of PDI at the PDI portion of Fig. 21, 

[0082] Fig. 31 shows multiplex signal and a signal subjected to PDI when there are multiple paths, in the thirty-first 
embodiment. 

[0083] Fig. 31 shows another multiplex signal and a signal subjected to PDI when there are multiple paths, in the 
thirty-first embodiment. 

[0084] Fig. 32 is a schematic block diagram showing transmitter/receiver of the spread spectrum communication 
system in accordance with a thirty-fourth embodiment of the present invention. 

[0085] Fig.^ is a schematic btex:k diagram showing transmitter/receiver of the spread spectrum communiQ§tk)n 
system in accordance with a thirty-fifth embodiment of the present Invention. 
[0086] Fig. 34 shows details of the transmitter/receiver of Fig. 33. 

[0087] Fig. 35 shows relation between error rate and C/N (carrier to noise ratio) in a thirty-sixth embodiment of the 
present invention. 

[0088] Fig. 36 is an illustration of a procedure to detemilne the number of multiplexing and the amount of delay, by 
using a delay profile in the transmitter/receiver of the spread spectrum communication system in accordance with a 
thirty-seventh embodiment. 

[0089] Fig. 37 is a schematic block diagram showing a transmitter of the spread spectrum communication system 
in accordance with a fortieth embodiment of the present invention. 

[0090] Fig. 38 shows correlated output waveform of the conventbnal spread spectrum communk^atbn system. 

[0091] Fig. 39 is a block diagram showing a forty-first embodiment of the present inventbn. 

[0092] Fig. 40 Is a timing chart showing the operation of the forty-first embodiment of Fig. 40. 

[0093] Fig. 41 is a schematic block diagram of the delay profile calculating portion shown in Fig. 39. 

[0094] Fig. 42 is a specific block diagram of knowing data detecting portion shown in Fig. 39. 

[0095] Fig. 43 Is a block diagram showing a forty-second embodiment of the present invention. 

[0096] Fig. 44 is a timing chart showing the operation of the embodiment shown in Fig. 43. 

[0097] Fig. 45 is a block diagram showing a forty-third embodiment of the present invention. 

[0098] Fig. 46 shows a specific example of the demodulating portion of the proposed scheme shown In Fig. 45. 

[0099] Fig. 47 is a timing chart showing the operation of Fig. 46. 

[0100] Fig. 48 is a block diagram showing a forty-fourth embodiment of the present invention. 

[0101] Fig. 49 is a timing chart showing the operation of the embodiment shown in Fig. 48. 

[0102] Fig. 50 is a block diagrams showing a forty-fifth embodiment of the present invention. 

[0103] Fig. 51 is a flow chart showing the operation of the forty-fifth embodiment of the present invention. 

[0104] Fig. 52 is a block diagram showing a forty-sixth embodiment of the present Invention. 

[0105] Fig. 53 Is a block diagram showing a forty-seventh embodiment of the present invention. 

[0106] Fig. 54 Is a block diagram showing a forty-eighth embodiment of the present invention. 

[0107] Fig. 55 is a block diagram showing a forty-ninth embodiment of the present invention. 

[0108] Fig. 56 is a block diagram showing a fiftieth embodiment of the present invention. 

[01 09] Fig. 57 shows a fifty-first embodiment of the present invention. 

[0110] Fig. 58 is a block diagram showing the forty-second embodiment of the present invention. 

[0111] Fig. 59 is a graph showing data and spread code on the modulating side and cycle of detected correlation 

peak in the receiver, of the spread spectrum communication utilizing delayed multiplexing. 

[0112] Figs. 60A to 60D are phase space diagrams after the differential demodulation, in which 60A shows an ex- 



6 



EP 1 058 399 A2 



ample where there is no frequency offset between transmission/reception, and Figs. 60B, 60C and SOD show examples 
of phase rotation corresponding to 5.5 chips. 5 chips and 6 chips when the a code of 11 chips is used respectively, 
with frequency offset. 

[0113] Fig. 61 is a block diagram of fifty-third embodiment of the present invention. 
s [0114] Fig. 62 is a block diagram of a transmitter in accordance with a fifty^ourth embodiment of the present invention. 
[0115] Fig. 63 is a timing waveform of generated clock signal. 
[0116] Fig. 64 shows a structure of the multiplexer shown in Fig. 62. 
[0117] Fig. 65 shows a specific example of the data inserting portion shown in Fig. 62, 

[0118] Fig. 66 shows a pattern of transmission data in accordance with the fifty-fourth embodiment of the present 
10 invention, where transmissbn data is 1 . 

[0119] Fig. 67 shows a pattern of transmissbn data in accordance with the fifty-fourth embodiment of the present 
invention where transmission data is -1. 

[0120] Fig. 68 is a block diagram of a receiver showing a frfty-fifth embodiment of the present invention. 
[0121] Fig. 69 shows a specific example of the correlator shown in Fig. 68. 
IS [0122] Fig. 70 shows data flow in the receiver shown in Fig. 68. 

[0123] Fig. 71 is a block diagram of a transmitter showing the fifty-sixth embodiment of the present invention. 

[0124] Fig. 72 shows a specific example of amplitude modifying portion shown in Fig. 71. 

[0125] Fig. 73 shows a pattern of transmission data in accordance with the fifty-^lxth embodiment of the present 

Invention. 

20 [01 26] Fig. 74 is a block diagram of a receiver in accordance with a fifty-seventh embodiment of the present invention. 
[01 27] Fig. 75 is a specific block diagram of the correlator shown In Fig. 74. 
[0128] Fig. 76 shows data flow in the receiver shown in Fig. 74. 

[0129] Fig. 77 shows how the error rate characteristic Is improved by the present invention. 
[0130] Fig. 78 is a block diagram of a receiver showing a fifty-elghth of the present invention. 
2S [0131] Fig. 79 is a bUxk diagram of the correlation processing portion shown in Fig. 78. 
[0132] Fig. 80 is a specific block diagram of an operator with selector shown In Fig. 79. 

[0133] Fig. 81 shows correlated outputs at the time of multiplexing in accordance with the fifty-eighth embodiment 
of the present Invention. 

[0134] Fig. 82 shows auto-correlation characteristic of Barker code. 
30 [0135] Fig. 83 is a flow chart showing the timing for switching the selector shown In Fig. 80. 

[01 36] Fig. 84 shows an absolute value of correlated output of correlation spike in the fifty-eighth embodiment of the 

present invention.. 

[0137] Fig. 85 shows a vector on a phase plane in accordance with the fifty-eighth emlxxiiiment of the present in- 
vention. 

35 [0138] Fig. 86 shows a vector on a phase plane in accordance with the fifty-eighth embodiment of the present in- 
vention, showing vector change at the time of multiplexing. 

[0139] Fig. 87 shows a vector on a phase plane used in the fifty-eighth embodiment of the present Invention, where 
the phase plane Is rotated. 

[0140] Fig. 88 shows vector change at the time of multiplexing when the phase plane used in the fifty-eighth embod- 
40 iment of the present invention is rotated. 

[0141] Fig. 89 shows Improvement of error rate when the fifty-eighth embodiment of the present invention Is imple- 
mented. 

[0142] Fig. 90 shows auto-correlation of n sequence of 15 chips. ^ 
[0143] Fig. 91 shows correlated value when m sequence signals are delayed and multiplexed, by numerical values. 
45 [0144] Fig. 92 shows auto-correlation of a Barker code of 1 3 chips. 

[0145] Fig. 93 is a block diagram of a correlatbh pi:ocessing portion in accordance with a fifty-ninth embodiment of 

the present invention. 

[0146] Fig. 94 is a block diagram of an operator with selector shown in Fig. 93. 

[0147] Fig. 95 shows an absolute value of the correlated value of correlatbn spike in accordance with the fifty-ninth 
so embodiment of the present invention. 

[0148] Fig. 96 shows improvement of error rate in the fifty-ninth embodiment of the present Inventbn. 
[0149] Fig. 97 is a block diagram showing PDI stmcture. 
[0150] Fig. 98 shows correlated outputs used for describing PDI. 

[0151] Fig. 99 shows correlated outputs used for describing PDI, showing the correlated outputs when combined. 
ss [0152] Fig. 100 shows correlated outputs used for describing PDI, which change because of the Influence of auto- 
correlation side lobe. 

[0153] Fig. 101 is a block diagram showing the sixtieth embodiment of the present invention for PDI. 

[01 54] Fig. 1 02 is a block diagram showing a structure of a correlation processing portion for PDI shown in Fig. 1 21 . 
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[0155] Fig. 103 is a block diagram showing a structure of an operator with a selector shown in Fig. 102. 

[0156] Fig. 104 shows a fifty-first embodiment of the present invention. 

[0157] Fig. 105 shows a sixty-second embodiment of the present invention. 

[0158] Fig. 106 is a block diagram showing a sixty-third embodiment of the present invention. 

[0159] Fig. 107 is a time chart of a clock signal for operating the operator shown in Fig. 106. 

[0160] Fig. 108 Is a block diagram showing a sixty fourth embodiment of the present invention. 

[0161] Fig. 109 is specific block diagram of the multiplexed signal removing circuit shown in Fig. 108. 

[0162] Fig. 110 shows processing operation of the spreading symbol estimating circuit shown in Fig. 108. 

[0163] Fig. 111 shows a method of cancelling by performing an operatbn reverse to the multiplexing operation by 

the subtracting circuit shown in Fig. 109. 

[01 64] Fig. 1 1 2 Is a bhxk diagram showing overall configuration of the sixty-fifth embodiment of the present invention. 
[0165] Fig. 113 Is a bkx:k diagram showing a specific example of the multiplexed signal removing circuit shown in 
Fig. 112. 

[0166] Fig. 114 is a block diagram of the multiplexed signal removing circuit in accordance with the sixty-sixth em- 
bodiment of the present invention. 

[0167] Fig. 115 Is a block diagram showing the multiplexed signal removing circuit in accordance with the sixth- 
seventh embodiment of the present Invention. 

[0168] Fig. 116 is a block diagram of the multiplexed signal removing circuit in accordance with the sixty-eighth 
embodiment of the present invention. 

[0169] Fig. 117 Is a block diagram of the multiplexed signal removing circuit in accordance with the sixty-ninth em- 
bodiment of the present Invention. 
[01 70] Fig. 1 1 8 shows the effects of the present invention. 

[0171] Fig. 11 9 is a block diagram showing a seventieth embodiment of the present invention. 

[0172] Fig. 120 shows an example of a transmission pattern in accordance with the seventieth embodiment of the 

present invention. 

[0173] Fig. 121 shows signal point distribution after differential demodulation. 

[01 74] Fig. 1 22 Is a bkx;k diagram showing a seventy-first embodiment of the present inventbn. 

[01 75] Fig. 1 23 Is a schematic block diagram showing a transmitter of a conventional spread spectrum communk:atlon 

system. 

[0176] Fig. 124 shows disadvantages of the conventional spread spectrum communication system. 
[0177] Fig. 125 shows parallel converted data and first spread code of Fig. 123. 

[0178] Fig. 126 shows an undesirable influence of offset between the timing of the first spread code and the timing 
of the parallel converted data, in the transmitter shown in Fig. 123. 

[01 79] Fig. 1 27 shows a specific example of correlated output when the timing of data matches the timing of the first 
spread code. 

[01 80] Fig. 1 28 shows a specific example of correlated output when the timing of data Is offset from the timing of the 
first spread code. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0181] The spread spectrum communlcatk)n system in accordance with the present inventbn will be described with 
reference to the figures. 

[01 82] Referring to Fig. 1 , the transmitter of the spread spectrum communication system in accordance with the first 
embodiment includes a data generating portk>n 1 , a d'rfferential coding portion 3. a serial/parallel converting portion (S/ 
P converting portbn) 5, a spread code generator (PN generator) 7, a kx^al signal generator 9, multipliers. 11, 13, 15,,^ 
17, modulators 19r2^j^23, 25. delay elements 27, 29. 31, 33, a multiplexer 37. a power amplifying portion 39 and a 

transmission antenna 41 . 

[0183] Data generated from data generating portion 1 is differentially coded by differential coding portions 3. The 
differentially coded data is converted by S/P converting portion 5. to a plurality of parallel signals (a plurality of parallel 
data). PN generator 7 generates a spread code. Multipliers 11 to 17 multiplies the plurality of parallel signals Pi to P4 
by the spread code from PN generator 7, and generates spread signals N1 to N4. 

[01 84] Modulators 1 9 to 25 modulate spread signals N 1 to N4 by using a local frequency signal from local frequency 
signal generator 9, providing intermediate frequency signals (IF signals) II to 14. Delay elements 27 to 33 delay Inter- 
mediate frequency signals 11 to 14, providing delay signals D1 to D4. 

[0185] Delay elements 27 to 33 have mutually different delay times. Further, the delay times of delay elements 27 
to 33 each has an arbitrary time difference of at least 1 chip from each other. Such setting of the delay time will be 
referred to as first delay time setting method." 

[0186] The plurality of delay signals D1 to D4 are multiplexed by multiplexer 35. The multiplexed signal has its fre- 
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quency converted by frequency converting portion 37. whereby it is turned to a high frequency signal. The frequency 
converted signal is amplified by power amplifying portion 39 and output as a transmission signal from transmission 
antenna 41. 

[0187] Fig. 2 shows timings of the parallel signals PI to P4 of Fig. 1 and the timing of the spread code. Referring to 
s Fig. 2. the upper portions show the timing of the parallel signal PI of Fig. 1, for example, and a reference character 
represents 1 bit of data. 

[01 88] Referring to Fig. 2. the lower part shows the timing of the spread code. The reference character b represents 
one period of the spread code, 

[0189] As shown in Fig. 2. the timing of the parallel signal PI matches the timing of the spread code. Similarly, the 

10 timing of parallel signals P2 to P4 match the timing of the spread code. 

[0190] As described above, in the first embodiment, spread signals N1 to N4 obtained by multiplying parallel signals 
PI to P4 by a spread code are nrrodulated to intermediate frequency signals II to 14. which are delayed by delay 
elements 27 to 33, whereby data are multiplexed. Therefore, the timing of parallel signals PI to P4 is not offset from 
the timing of the spread code because of the delay for multiplexing, and these two timings match each other. 

IS [0191] As a result. In the first embodiment, multiplexed communication becomes possible while preventing degra- 
dation of correlated outputs on the receiving side and avoiding difficulty in demodulation. 

[0192] Since the time difference between the delay times is set to be at least 1 chip, the signal to be demodulated 
never overlaps the next incoming signal, whereby error rate characteristics can be improved. In other words, signal 
degradation caused by interference of delayed and multiplexed signals, whereby error rate characteristics can be 
20 improved. 

[0193] Further, unlike the conventional example (in which time difference between delay times is set to 1 chip or 2 
chips), the time difference may be an arbitrary time period, and hence degree of freedom in designing the hardware, 
that is, the spread spectrum communication system, can be made higher. 

[0194] The shortest delay time of the delay elements 27 to 33 shown in Fig. 1 may be set to 0. In that case also. 

2S similar effects as described above can be obtained. 

[0195] Further, as an equivalence to the above, one of the delay elements 27 to 33 may be omitted. 
[0196] Differential coding at differential coding portion 3 of Fig. 1 will be described in detail. In DBPSK (differential 
binary phase shift keying) or EX)PSK (differential quadrl-phase shift keying) modulation, data is detemained based on 
phase difference from a signal preceding by one bit (one symbol). For this purpose on the transmitting side, the data 

'30 to be transmitted is converted. This is differential coding. 

[0197] When DBPSK is considered as an example, differential coding means preparation of transmission phase 
such that phase difference attains to 0 when data is '1 " and the phase difference attains ^80^ when data is "0". Details 
are as follows. 

[0198] Fig. 3 Is an illustration of differential coding at the differentia) coding portion 3 of Fig. 1 . 
3S [0199] In Fig. 3, (a) represents information data. In Fig. 3, (b) represents transmissbn phase, and (c) shows phase 

difference. In Fig. 3, (d) shows demodulated data on the receiving side. 

[0200] Referring to Fig. 3, consider the left most data, transmission phase, phase difference and demodulated data. 
Here, 0° on the left most side of (b) is set as an initial value. Since the transmitting phase is to be prepared such that 
the phase difference attains to 0 when data is "1" as described above, the transmitting phase for data "1" is 0**, as 

40 shown on the second from the left of (b). Transmitting phase of other data is found in the similar manner. 

[0201] In this manner, differential coding portion 3 of Fig. 1 prepares transmitting phase. However, actually, what is 
transmitted is not an angle. Therefore, in DBPSK modulation, when transmitting phase is O*'. 1 is transmitted as a 
transmission signal (transmission data), and 0 is transmitted when transmitting phase Is 180**. More specifically, in 
differential coding portion 3. transmission data corresponding to the transmitting phase is prepared from the information 

45 data. 

[0202] Further, delay times of delay:elements 27 to 33 are set such that time difference between adjacent ones of 
the multiplexed plurality of signals is kept constant. Here, the delay times of delay elements 27 to 33 each has arbitrary 
time difference of at least one chip from each other, as already described. Such setting of the delay time will be referred 
to as 'second delay time setting method." For example, delay time of delay element 27 Is made shorter than the delay 
so times of other delay elements 29 to 33. and this short delay time is used as a reference delay time. The delay times 
of other delay elements 29 to 33 are each set to be the reference delay time of delay element 27 multiplied by a 
designated number. 

[0203] More specifically, difference in delay time between delay elements 27 and 29, the difference in delay time 
between delay elements 29 and 31 , and the difference In delay times between delay elements 21 and 33 are set to be 
ss Identical with the reference delay time of delay element 27. 

[0204] By doing so. the circuit scale of the system can be significantly reduced, since there is only one path to be 
delayed on the receiving side. Further, the delay path is only one on the receiving side regardless of the number of 
multiplexing, and hence the circuit scale of the system is not enlarged but constant even when the number of multi- 
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plexing is increased. 

[0205] In the spread speclrum communicallon system in accordance with the first embodiment, intermediate fre- 
quency signals 11 to 14 are delayed and multiplexed. In the spread spectrum communicatbn system In accordance 
with the second embodiment, baseband signals are delayed and multiplexed. 
5 [0206] Fig. 4 is a schematic block diagram showing a transmitter of the spread spectrum communication system in 
accordance with the second embodiment of the present invention. 

[0207] Referring to Fig. 4, the transmitter of the spread spectrum communicatbn system in accordance with the 
second embodiment includes data generating portion 1 , differential coding portion 3, S/P converting portion 5, PN 
generator 7. local frequency signal generator 9, multiplier 11, 13. 15. 17, delay elements 27, 29, 32, 33. multiplexer 

10 35, modulator 51, frequency converting portion 37, power amplifying portion 39 and transmission antenna. Portions 
similar to thosie of Fig. 1 are denoted by the same characters and description thereof Is not repeated. 
[0206] Delay elements 27 to 33 delay multiplied signals N1 to N4 from multipliers 11 to 17 with mutually different 
delay times, thereby providing delay signals 01 to D4. The multiplied signals Ml to M4 are baseband signals, and 
hence delay elements 27 to 33 delay baseband signals. 

IS [0209] Further, multiplied signals Ml to M4 obtained by multiplying parallel signals PI to P4 by a spread code are 
delayed and multiplexed. Therefore, the timing of the spread code and the timing of parallel signals P1 to P4 are not 
offset because of the delay for multiplication, and these two timings match each other. 

[0210] Multiplexer 35 multiplexes delay signals D1 to D4. Modulator 51 modulates the multiplexed signal by using a 
local signal from local signal generator 9, thus providing intermediate frequency signal. Frequency converting portion 

20 37 converts frequency of the intermediate frequency signal. The signal of which frequency is converted by frequency 
converting portion 37 is amplified by power amplifying portion 39 and transmitted from transmission antenna 41 . 
[0211] As described above, in the second embodiment, the timing of the spread code nnatches the timing of the 
parallel signals PI to P4. Accordingly, multiplex communication becomes possible while preventing degradation of 
correlated outputs on the receiving side and avoiding difficulty in demodulation. 

2S [021 2] Further, time difference between delay time is set to be at least 1 chip. Therefore, the signal to be demodulated 
never overlaps the next incoming signal, and hence error rate characteristic can be improved. More specifically; signal 
degradation caused by interference of delayed and multiplexed signals with each other on the receiving side can be 
prevented, and error rate characteristics can be improved. 

[021 3] Further, unlike the prior art (in which time difference between delay times is set to 1 chip or 2 chips), the time 
30 difference is not limited but It may be an arbitrary time period, and hence the degree of freedom in designing the hard 
ware, that is, the spread spectrum communication system, can be made higher 

[021 4] Further, the shortest delay time of delay elements 27 to 33 shown in Fig. 4 may be set to 0. in that case also, 
similar effects as described above can be obtained. As an equivalence thereof, one of the delay elements 27 to 33 
may be omitted. 

35 [0215] Further, as described with reference to the first embodiment, the second delay time setting method may be 

used for setting the delay times of delay elements 27 to 3a More specifically, the delay times of delay elements 27 to 
33 are such that time difference between adjacent ones of the multiplexed plurality of signals Is an arbitrary time period 
of at least one chip. In that case, only one delay path is necessary on the receiving side and hence circuit scale of the 
system can be significantly reduced. Further, since there is only one delay path regardless of the number of multiplexing, 

40 the circuit scale of the system is not enlarged even when the number of multiplexing Is increased. 

[021 6] Further, since baseband multiplied signals N1 to N4 are delayed and multiplexed, digital delay elements may 
be used for the delay elements 27 to 33, which allows higher integration and smaller size of the transmitter 
[0217] In the first and second embodiments, signals multiplied by the spread codes are delayed. In the spread spec- 
trum communication system In accordance with the third embodiment, multiplexing is performed with the spread code 

45 being delayed. 

[021 6] Fig. 5 is a schematic block diagram showing a transmitter of the spread spectrum;Co;T9inunicatlon system in 
accordance with the third embodiment of the present invention. 

[021 9] Referring to Fig. 5, the transmitter of the spread spectrum communication system In accordance with the third 
embodiment Includes data generating portion 1. differential coding portion 3, S/P converting portion 5, PN generator 
so 7. local signal generator 9. delay elements 61 . 63. 65, 67, 69, 71 , 73, 75, multipliers 11 , 1 3, 15, 17, modulators 19. 21 , 
23, 25, multiplexer 35, frequency converting portion 37, power amplifying portion 39 and transmission antenna 41. 
Portions similar to those of Fig. 1 are denoted by the same reference characters and description thereof is not repeated. 
Mainly, the characteristic portton will be described. 

[0220] Delay elements 61 to 67 delay parallel signals PI to P4 and generate delayed parallel signals D1 to D4. 
ss Meanwhile, delay elements 69 to 75 delay a spread code from PN generator 7 and generates delayed spread code 
D1 to 04. Here, delay elements 61 and 69 have the same delay time. 63 and 71 have the same delay time, 65 and 
73, and 67 and 75 have the same delay time, respectively 

[0221] Multipliers 1 1 to 1 4 multiply the delayed parallel signals 01 to D4 by the delayed spread codes B1 to B4 from 
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delay elements 69 to 75 and generate spread signals N1 to N4. Here, since the delay time of delay elements 6i to 67 
and the delay times of delay elements 69 to 75 corresponding to the delay elements 61 to 67 are the same, the timing 
of delayed parallel signals B1 to B5 matches the timing of the delayed spread codes B1 to 84, 
[0222] Delay elements 69 to 75 have mutually different delay times. The time difference between the delay times 

5 from each other is an arbitrary time period of at least 1 chip. 

[0223] The delay time of the delay element having the shortest delay time of the delay elements 69 to 75 may be 
set to 0. In this case, the delay time of the corresponding delay element for delaying parallel signals P1 to P4 is also 
set to 0, For example, rf the delay time of delay element 69 Is set to 0. the delay time of delay element 61 is also set 
to 0. The relation between the delay times is the same as described above. As an equivalence, the delay elements of 

10 which delay time is 0 may be omitted. 

[0224] Modulators 1 9 to 25 modulate spread signals N1 to N4 by using the local frequency signal from local frequency 
signal generator 9 and provide intemnedlate frequency signals (IF signals). Multiplexer 35 multiplexes intermediate 
frequency signals from modulators 1 9 to 25. The multiplexed signal is transmitted through frequency converting portion 
37 and power amplifying portions 39 as a transmission signal, from transmission antenna 41. Parallel signals PI to P4 

IS are baseband signals, and hence delay elements 61 to 67 delay baseband signals. 

[0225] As described above, in the third embodiment, the delay time of the spread code is set to be the same as the 
delay time of corresponding parallel signals PI to P4. Therefore, the timing of delayed spread codes B1 to B4 Is not 
offset from the timing of the delayed parallel signals D1 to D4 because of the delay for multiplexing, and these two 
timings match each other. 

20 [0226] As a result, in the third embodiment, multiplex communication becomes possible while preventing degradation 
of correlated outputs on the receiving side and avoiding difficulty in demodulation. 

[0227] The time difference between each of the delay timing of delay elements 61 to 67 and the time difference 

between each of the delay times of delay elements 69 to 75 is an arbitrary time period of at least 1 chip. 

[0228] As a result, in the third embodiment, the signals to be demodulated never overlaps the next incoming signal, 

2S and hence error rate characteristics can be improved. Further, unlike the .conventional example (In which the time 
difference between delay timings is limited to 1 chip or 2 chips), the time difference may be an arbitrary time period, 
and hence the degree of freedom in the designing the hardware or the system can be made higher. 
[0229] Further, since parallel signals PI to P4 which are baseband signals are delayed and multiplexed, delay ele- 
ments 61 to 67 can be formed by digital circuits, allowing higher integration and reduction in size of the transmitter. 

30 [0230] Further as already described with respect to the first embodiment, the delay times of delay elements 63 to 
67 may be set using the second delay time setting method. More specifically, the delay timing of delay elements 63 to 
67 are set such that the time difference of each of the plurality of multiplexed signal is an arbitrary constant time period 
of at least 1 chip. In this case, delay times of delay elements 69 to 75 corresponding to delay elements 61 to 67 are 
also set in the similar mariner. 

3S [0231] As a result, in the third embodiment, there is only one path to be delayed on the receiving side. Therefore, 
circuit scale of the system can be considerably reduced. Further, the delay path is only one regardless of the number 
of multiplexing, and therefore circuit scale of the system is not enlarged even when the number of multiplexing is 
increased. 

[0232] Fig. 6 is a schematic block diagram showing a transmitter of the spread spectrum communication system in 

40 accordance with the fourth embodiment of the present invention. 

[0233] Referring to Fig. 6, the transmitter of the spread spectrum communication system in accordance with the 
fourth embodiment includes data generating portion 1, differential coding portion 3, S/P converting portion 5, PN gen- 
erator 7, latch portions 81, 83. 85, 87, a latch controller 89, delay elements 69, 71, 73, 75, multipliers 11, 13, 15, 17, 
modulators 1 9. 21 , 23. 25, local frequency signal generator 9, multiplexer 35, frequency converting portion 37. power 

45 amplifying portion 39 and transmission antenna 41 . Portions similar to those of Fig. 5 are denoted by the same reference 
ch'aracters and description thereof is not repeated. Mainly the characteristic portions will be described. . 
[0234] In the third embodiment, in order to have the timing of delayed spread codes matched with the timing of 
parallel signals PI to P4, delay elements 61 to 67 are provided. In the fourth embodiment, in order to have the timing 
of the delayed spread codes matched with the timing of the parallel signals PI to P4. latch portbns 81 to 87 and latch 

so controller 89 are provided. 

[0235] As to the time difference between the delay times of delay element 69 to 75, it is set to be an arbitrary time 
period of at least 1 chip, and delay times are mutually different from each other. 

[0236] Fig. 7 shows signals (data) at respective nodes of the transmitter shown In Fig. 6. In the figure of signals PI 
to R4, the time axis is common. The lateral directbn of Fig. 7 represents the time axis. 
ss [0237] Referring to Figs. 6 and 7, data A generated from data generating portion 1 is differentially coded and con- 
verted by S/P converting portion 5 to parallel signals (parallel data) PI to P4. In this case, timing of four parallel signals 
PI to P4 are the same. Of data A, D1. D5 and D9 are converted to parallel signal 81. Of data A, D2, D6, DIG are 
converted to parallel signal P2. Of data A, D3, D7 and D11 are converted to parallel signal P3. Of data A, D4. D8 and 
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D1 2 are converted to parallel signal P4. 

[023B] The spread code generated from PN generator 7 is delayed by delay elements 69 to 75 to be delayed spread 
codes B1 to B4. Here, delay time of delay element 69 is set to be 0. As an equivalence thereof, delay element 69 may 
be omitted. As shown in Fig. 7, since delayed spread codes B2 to 84 are delayed in accordance with the delay times 
5 of delay elements 71 to 75, these are off the timing of parallel signals P1 to P4. Since the spread code 81 is not delayed, 
it is timed with parallel signals PI to P4. Here, one cycle of the spread code is T 

[0239] Latch controller 69 generates, in response to the timing of generation of the spread code from PN generator 
7. latch signals (latch pulses) C1 to C4. Latch signals CI to C4 have the same timing as the start chips of corresponding 
delayed spread codes 81 to 84, respectively. 
10 [0240] By such latch signals C 1 to C4, parallel signals PI to P4 are latched in latch portion 81 to 87, resulting in latch 
signals R1 to R4. Therefore, as shown In Fig. 7, delayed spread codes 81 to 84 come to have the same timing as 
latch signals R1 to R4. 

[0241] Multipliers 11 to 17 multiply latch signals R1 to R4 with delayed spread codes 81 to 84, and generates delay 
spread signals Ml to M4. Modulators 19 to 25 nrxxiulate delayed spread signals Ml to M4 by using a local frequency 

IS signal from local frequency signal generator 9. thereby providing intermediate frequency signals (IF signals). Multiplexer 
35 multiplexes these intermediated frequency signals. The multiplexed signal is transmitted as a transmission signal 
from transmission antenna 41, through frequency converting portion 37 and power amplifying portion 39. 
[0242] As described above. In the fourth embodiment, since latch portions 81 to 87 and latch controller 89 are pro- 
vided, delayed spread codes 81 to 84 come to have the same timing as parallel signals PI to P4 (latch signals R1 toR4). 

20 [0243] Therefore, in the fourth embodiment, multiplex communication becomes possible while preventing degrada- 
tion of the correlated outputs on the receiving side and avoiding difficulty in demodulation. 

[0244] Further, the time difference between the' delay times of delay elements 69 to 75 is set to an arbitrary time 
period of at least 1 chip (first delay time setting method). Therefore, the signal to be demodulated never overlaps the 
next incoming signal, and hence error rate characteristic can be improved. Further, unlike the prior art example, there 
2S Is not a restriction of time difference of the delay times and an arbitrary time period may be selected. Therefore, degree 
of freedom in designing the hard ware or the system can be made higher 

[0245] Further, the delay times of delay elements 69 to 75 may be set using the second delay time setting method, 
as in the first embodiment. More specifically, the delay times of delay elements 69 to 75 may be set such that the time 
difference between adjacent ones of the multiplexed plurality of signals is a constant arbitrary time period of at least 
30 1 chip. In that case, only one delay path is necessary on the receiving side, so that circuit scale of the system can be 
significantly reduced. Further, since there is only one delay path regardless of the number of multiplexing, circuit scale 
of the system is not enlarged even if the number of multiplexing is increased. 

[0246] Fig. 8 is a schematic block diagram showing a receiver of the spread spectrum communication system in 
accordance with the fifth embodiment of the present invention. 

3S [0247] Referring to Fig. 8, the receiver of the spread spectrum communication system in accordance with the fifth 
embodiment includes a reception antenna 91 , a frequency converting portion 93, a distributor 95, delay elements 97, 
99, 101, 103, frequency converting portions 105, 107. 109. Ill, 113, correlators 115, 117, 119, 121, 123, differentiating 
portion 125, a determining portion 127 and a local frequency signal generator 129. Differentiating portion 125 and 
determining portbn 127 constitute a demodulating portion. 

40 [0248] As a transmitter for the receiver of Fig. 8, the transmitter shown in Fig. 1 is used. Reception antenna 91 
receives the transmission signal from the transmitter shown in Fig. 1 . Frequency converting portion 93 converts the 
received transmission signal to an intermediate frequency signal (IF signal). The distributor 95 distributes the interme- 
diate frequency signal to a plurality of distribution signals Z1 to Z4. The number of distribution is larger by one than the 
number of parallel conversion (number of multiplexing) of data on the transmitter side. Since the transmitter of Fig. 1 

45 is used, the number of distributron showrl in Fig. 8 is 5. The number of parallel conversion in Fig. 1 is 4. 

[0249] Distribution signals 22 to Z5 are delayed by d$lay elements 97 to 103. The delay times of delay elements 97 
to 103 are set in the following manner, for example. The delay times of delay elements 27 to 33 of the transmitter 
shown in Fig. 1 will be represented as t^, Xg* 1^3 and x^, respectively. The relation of magnitude of the delay times Is as 
follows. 

so 

[0250] In this case, the delay time of delay element 97 of the receiver shown in Fig. 8 is set to be T2 - x^, the delay 
ss time of delay element 99 is set to be X3 - X2, that of delay element 101 is set to be X4 - X3. 

[0251] Referring to Fig. 1 , after a first in-coming data sequence (including four data) is parallel converted, the next 
in-coming data sequence (including four data) is parallel converted. Here, the first in-coming data sequence will be 
refen-ed to as a preceding data sequence, and the next in-coming data sequence will be referred to as a succeeding 
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data sequence. Referring to Fig. 1 , the tinne difference between the delay signal 04 deriving from the preceding data 
sequence and the delay signal D1 derived from the succeeding data sequence corresponding to the delay time of 
delay element 103 shown in Fig. 8. In the following, description will be given assuming that the delay timings of delay 
elements 27 to 33 of Fig. 1 and delay elements 97 to 103 of Fig. 8 are set in the above described manner. 

s [0252] Frequency converting portion 105 converts distribution signal Z1 to a baseband signal, by using the local 
signal from local signal generator 129. Frequency converting portions 107 to 113 convert delayed distribution signals 
22 to Z5 to baseband signals, using the local signal from the local signal generator 129. A carrier synchronization 
circuit (phase detector), not shown, detects carrier phase offset of the signal, and realizes carrier synchronization by 
controlling a local frequency signal generator 1 29 by means of a control signal. Therefore, signals output from frequency 

10 converting portions 1 05 to 1 1 3 are completely converted to baseband signals. 

[0253] The signals generated from frequency converting portions 1 05 to 11 3 are Input to correlators 11 5 to 1 23 which 
allows correlation with the spread code used at the time of transmission, and output as conrelated signals A to E. The 
correlated signals output from correlators 115 to 123 are also referred to as correlated outputs. 
[0254] Differentiating portion 1 25 performs differential decoding by using correlated signals A to E. More specifically, 

IS It differentiates correlated signals A and B, B and C, C and D and D and E. The differentially decoded signals are input 
to determining portion 127. Determining portion 127 determines data and externally outputs In accordance with data 
clock, based on the differentially decoded signals. 

[0255] Differential decoding at the differentiating portion 1 25 will be described in greater detail. Fig. 9 Is an illustration 

for help understand the differential coding at the differentiating portion 125 of Fig. 8. 
20 [0256] Referring to Fig. 9, (a) shows correlated signal A of Fig. 8, (B) shows correlated signal B of Fig. 8, (C) shows 

correlated signal C of Fig. 8, (B) shows correlated signal B of Fig. 8 and (E) shows correlated signal E of Fig. 8. 

[0257] Here, as already described, the delay time of delay element 97 Is set to be t2 - = t^, delay time of delay 

element 99 is set to be X3 - T2 = Xb* delay time of delay element 1 01 is set to be T4 - T3 = t^. In Fig. 1 , it is assumed 

that time difference between delayed signal D4 of the preceding data sequence and the delayed signal D1 of the 
25 succeeding data sequence is % More specifically, the delay time of delay element 103 of Fig. 8 is v In the example, 

shown in Fig. 9, the delay time of delay element 27 shown in Fig. 1 is set to 0. Namely, it corresponds to a system in 

which delay element 27 is omitted. 

[0258] Referring to Fig. 9, signals a1 to a4 are derived from the preceding data sequence of Fig. 1 , and signals b1 
to b4 are derived from the succeeding data sequence. As shown In (A) to (E) of Fig. 9, correlated signals B to E are 

30 delayed by tg, t^, and from correlated signal A, respectively. 

[0259] In differentiating portion 125 of Fig. 8, at point PI of Fig. 9, the signal a2 of (A) is signal a1 of (B>are on the 
same time point, and hence signals a2 and a1 are differentiated. At point P2, signal a3 of (A) and signal a2 of (C) are 
on the same time axis and hence signals a3 and a2 are differentiated. Similarly, other signals are differentiated, using 
the correlated signal A of (A) as a reference. Data is demodulated by such differentiation. 

3S [0260] As described above, in the spread spectrum communication system in accordance with the fifth embodiment, 
the transmitter shown in Fig. 1 is used. As a result, the spread spectaim communication system in accordance with 
the fifth embodiment provides similar effects as the first embodiment. 

[0261] In the spread spectaim communication system in accordance with the fifth embodiment, multiplexing is per- 
formed by delaying intermediate frequency signals on the transmitting side. On the receiving side, intermediate fre- 
40 quency signal is delayed, complete carrier synchronization is provided, and baseband signals are obtained for further 
processing. 

[0262] As the transmitter of the spread spectrum communication system in accordance with the sixth embodiment, 
the transmitter shown In Fig. 1 is used. In the fifth embodiment, difference in delay times between delay elements 29 
and 27 of Fig. 1 is set to Tq, difference in delay times between delay element 31 and 29 is set to x^. difference in delay 

45 times between delay elements 33 and 31 is set to x^. and difference in time between the delayed signal D4 of the 
preceding data sequence and the delayed signal D1 of the succeeding data>sequence is set tox^, with the magnitudes 
of Tgto T5 not specifically designated. In the sixth embodiment, delay times of delay element 27 to 33 of Fig. 1 are set 
such that Tq, x^, and x^ are all the same time period. In other words, the second delay time setting method is used. 
[0263] Fig. 9 is a schematic block diagram showing a receiver of the spread spectrum communication system in 

so accordance with the sixth embodiment of the present invention. 

[0264] Referring to Fig. 10, the receiver of the spread spectrum communication system in accordance with the sixth 
embodiment Includes reception antenna 91, frequency converting portion 93. distributor 95, delay element 131, fre- 
quency converting portions 133, 135. correlators 137, 139, differentiating portion 125, determining portfon 127 and 
local frequency signal generator 129. Portions corresponding to those of Fig. 8 are denoted by the same reference 

ss characters and description thereof is not repeated. 

[0265] Distributor 95 distributes the intermediate frequency signal from frequency converting portion 93 into two 
distribution signals ZZ1 and ZZ2. Distribution signal ZZ1 is passed through frequency converting portion 133 and 
correlator 137 to be input as correlated signal AA, to differentiating portion 125. Distribution signal ZZ2 is passed 
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through delay element 131. frequency converting portion 1 35 and correlator 1 39 to be input, as a correlated signal BB, 
to differentiating portion 1 25. 

[0266] Frequency converting portions 1 33 and 1 35 are similar to frequency converting portions 1 05 to 11 3 of Fig. 8, 
which provide complete carrier synchronization by using local frequency signal generator 129 and a carrier synchro- 
5 nization circuit (phase detector), not shown, whereby distribution signal ZZ1 and the delayed distribution signal 222 
are turned to baseband signals. Correlators 137 and 139 are similar to correlators 115 to 123 of Fig. 8. 
[0267] Correlated signal AA corresponds to the signal shown in Fig. 9(A), where t^. t^, and are all the same. 
Details are as follows. 

[0268] Fig. 11 shows correlated signals AA and BB of Fig. 10. 
10 [0269] Referring to Fig. 11, signals a1 to a4 are multiplexed signals derived from the preceding data sequence In 
the transmitter shown in Fig. 1. while signals b^ to are multiplexed signals derived from the succeeding data se- 
quence. Here, there is the same time inten/al between any adjacent signals. This is because the delay times in the 
transmitter of Fig. 1 are set by using the second delay time setting method, as already described at the introductron of 
the sixth embodiment. 

IS [0270] In Fig. 11, (AA) represents the correlated signal AA of Fig. 10. and (BB) represents correlated signal BB of 
Fig. 1 0. Correlated signal BB is delayed from correlated signal AA by time x^. Namely, delay time of delay element 1 31 
shown in Fig. 10 Is t^. In this manner delay time of delay element 131 shown in Fig. 10 is set to be the same as the 
time difference between adjacent ones of the multiplexed plurality of signals. 

[0271] At differentiating portion 125 of Fig. 10, of the correlated signals AA and BB, those on the same time axis are • 
20 differentiated. 

[0272] As described above, In the sixth embodiment, a transmitter utilizing the second delay time setting method is 
used, and the delay time in the transmitter Is set such that the plurality of signal sequences Included in the correlated 
signals on the receiver side have the same time interval. 

[0273] As a result, only one delay path is necessary in the receiver (in the example of Fig. 8, there are four delay 
2S paths), and circuit scale of the receiver can be significantly reduced. 

[0274] Further, in the sixth embodiment, since the transmitter shown in Fig. 1 is used, similar effects as in the first 
embodiment can be obtained. 

[0275] In the sixth embodiment, on the transmitting side, intermediate frequency signals are delayed and multiplexed. 
On the receh^er side, intermediate frequency signal is delayed, thereafter complete carrier synchronization is realized, 
30 and the signals are turned to baseband signals for further processing. On the transmitting side, the second delay time 
setting method is used. 

[0276] In the spread spectrum communication system in accordance with the seventh embodiment, the transmitter 
shown in Fig. 1 is used as In the fifth embodiment. As for the receiver, the receiver shown in Fig. 8 having the frequency 
converting portion for providing baseband signals placed in a preceding stage of the distributor is used. 
3S [0277] Fig. 1 2 is a schematic block diagram showing the receiver of the spread spectrum communication system in 
accordance with the seventh embodiment of the present invention. 

[0278] Referring to Fig. 12, the receiver of the spread spectrum communication system in accordance with the sev- 
enth embodiment includes reception antenna 91, frequency converting portions 93, 141, distributor 95, local signal 
generator 129, delay elements 97, 99. 101, 103, correlators 115, 117, 119, 121, 123, differentiating portion 125 and 
40 determining portion 1 27. Portions con'espondlng to those of Fig. 8 are denoted by the same reference characters and 
the description thereof Is not repeated. Mainly, characteristic portions will be described. 

[0279] The intermediate frequency signal (IF signal) generated by frequency converting portion 93 is converted to 
a baseband signal by frequency converting portion 141 . In this case, similar to the example of Fig. 8, complete carrier 
synchronization is obtained by local signal generator 129 and a carrier synchronization circuit (phase detector), not 
4S shown, whereby a completely baseband signal is obtained. 

[0280] Distributor 95 distributes tKe'^ba^^band signal from frequency converting portions 141 to 5 signals, that Is, 
distribution signals 21 to 25. Delay elements 97 to 104 delay distribution signals 22 to 25. Distribution signals 22 to 
Z5 are of baseband, and hence baseband signals are delayed. The setting of the delay time is similar to that in the 
fifth embodiment, 

so [0281] Distribution signal 21 and delayed distribution signals 22 to 25 are Input to correlators 115 to 123, resulting 
in correlated signals A to E. Differentiating portion 125 periorms differential decoding based on correlated signals A to 
E. The differentially demodulated signals are output as data through determining portion 127. 
[0282] As described above, in the seventh embodiment, frequency converting portion 141 is provided in the preceding 
stage of distributor 95, so that baseband distribution signals are delayed for processing. 

ss [0283] As a result, in the seventh embodiment, the number of frequency converting portions can be reduced from 5 
to one as compared with the fifth embodiment, and hence circuit scale can be reduced. In the seventh embodiment, 
the number of necessary frequency converting portions for converting to the baseband signal is only one even if the 
number of multiplexing is increased. 
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[0284] Further, since baseband distribution signals are delayed, delay elements 97 to 103 may be formed by digital 
circuits, and hence higher integration and reduction in size of the receiver become possible. 
[0285] Further, in the seventh embodiment, since the transmitter of Fig. 1 is used, similar effects as in the first em- 
bodiment can be obtained. 

s [0286] Delay elements 97 to 103 may be provided In the succeeding stage of correlators 117 to 123. In this case 
also, similar effects as described above can be obtained. 

[0287] In the seventh embodiment, on the transmitting side, multiplexing is performed by delaying intermediate fre- 
quency signal. On the receiver side, completely carrier synchronized baseband signals are delayed for differential 
decoding (denrKxdulation). 

10 [0288] In the spread spectrum communication system in accordance with the eighth embodiment, the transmitter 
shown in Fig. 1 employing the second delay time setting method is used. Therefore, setting of the delay times in the 
transmitter and the receiver is similar to the setting described with reference to the sixth embodiment, tn the receiver 
of the spread spectrum communication system in accordance with the eighth embodiment, the frequency converting 
portions for converting to the baseband signal In the receiver of Fig. 10 is provided in the preceding stage of the 

IS distributer. 

[0289] Fig. 1 3 is a schematic block diagram showing the receiver of the spread spectrum communication system in 
accordance with the eighth embodiment. Portions corresponding to those of Fig. 10 are denoted by the same reference 
characters and description thereof is not repeated, fs^alnly, characteristic portions will be described. 
[0290] Referring to Fig. 1 3, the receiver of the spread spectrum communication system in accordance with the eighth 

20 embodiment Includes reception antenna 91 , frequency converting portions 93, 141 , local signal generator 129, distrib- 
utor 95, delay element 131 , correlators 137, 1 39, differentiating portion 125 and determining portion 127. 
[0291] Frequency converting portion 1 41 converts an intermediate frequency signal from frequency converting por- 
tion 93 to a baseband signal, by using a local signal (carrier) from local signal generator 129. In this case, by using a 
carrier synchronization circuit, not shown, complete carrier synchronization Is realized. 

2S [0292] Distributor 95 distributes the baseband signal from frequency converting portion 1 41 into two and generates 
distribution signals ZZ1 and ZZ2. Correlator 1 37 generates correlated signal AA using distribution signal ZZ1 correlated 
with the spread code used at the time of transmission. Distribution signal 772 is input to con'elator 139 through delay 
element 131. Correlator 139 generates correlated signal BB by using the delayed distribution signal ZZ2 correlated 
with the spread code used at the time of transmission. Differentiating portion 125 performs differential decoding, using 

30 correlated signals AA and BB. The differentially decoded signals are output as data through determining portion 127. 
[0293] The delay time of delay element 131 is set to be the same as the time difference between the adjacent ones 
of the signals delayed and multiplexed on the transmitting side, similar to the delay time of delay element 131 shown 
in Fig. 10. 

[0294] As described, in the eighth embodiment, the frequency converting portion-.for converting to the baseband 
35 signal is provided in the preceding stage of the distributer, and the baseband signal Is delayed for processing. 

[0295] As a result, compared with the receiver shown in Fig. 10, in the eighth embodiment, the number of frequency 
converting portions can be reduced from two to one, and the delay element 131 can be formed by a digital circuit. 
Therefore, the size of the receiver can be reduced. 

[0296] Further, in the eighth emtxxfiment, similar to the sixth embodiment, delay times in the transmitter are set in 
40 accordance with the second delay time setting method. More specifically, delay times in the receiver are set such that 
time difference between adjacent continuous signals Is constant. 

[0297] As a result, in the eighth embodiment, only one delay path is necessary in the receiver as shown in Fig. 13, 
so that the circuit scale of the receiver can be reduced. Further, regardless of the number of multiplexing, only one 
delay path is necessary In the receiver, and hence circuit scale is not enlarged even when the number of multiplexing 
45 Is increased. 

[0298] Further, since the transmitter shown in Fig. 1 is usediin the eighth embodiment, similar effects as in the first 
embodiment can be obtained. 

[0299] In the eighth embodiment, on the transmitting side, the multiplexing is performed by delaying Intermediate 
frequency signals. On the receiving side, differential decoding (demodulation) is performed by delaying completely 
50 carrier synchronized baseband signal. On the transmitting side, the second delay time setting method is used. 

[0300] In the spread spectrum communication system in accordance with the ninth embodiment, the transmitter 
shown in Fig. 1 is used. In the ninth embodiment, the correlator of the receiver shown in Fig. 12 is provided in the 
preceding stage of the distributer. 

[0301] Fig. 14 is a schematic block diagram showing the receiver of the spread spectrum communication system in 
55 accordance with the ninth embodiment of the present Invention. Portions corresponding to those of Fig. 1 2 are denoted 
by the same reference characters and description thereof Is not repeated. Mainly, characteristic portbns will be de- 
scribed. 

[0302] Referring to Fig. 1 4, the receiver of the spread spectrum communk:atlon system In accordance with the ninth 
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embodimenl includes reception antenna 91, frequency converting portions 93, 141, local frequency signal generator 
129, correlator 151, distributor 95, delay elements 97, 99, 101. 103, differentiating portion 125 and determining portion 
127. 

[0303] Correlator 151 outputs a correlated signal by using the baseband signal from frequency converting portion 
5 * 141 correlated with the spread code used at the time of transmission. Distributor 95 distributes the correlated signal 
from correlator 1 51 into a number larger by one than the number of parallel signals provided on the transmitting side, 
and generates distribution signals Z1 to Z5. Differentiating portion 125 receives distribution signal Z1 and distribution 
signals Z2 to Z5 delayed by delay elements 97 to 103. 

[0304] Differentiating portion 1 25 performs differential decoding, using distribution signal Z1 and delayed distribution 
10 signals Z2 to Z5. The differentially decoded signals are output as data through determining portion 1 27. 

[0305] As described above, in the ninth embodiment, processing is performed with the correlator 151 provided in 
the preceding stage of distributor 95. 

[0306] As a result, as compared with the receiver shown in Fig. 1 2, in the ninth embodiment, the number of correlators 
can be reduced from five to one, and the circuit scale of the receiver can be reduced. 
IS [0307] Further, since the receiver shown in Fig. 1 Is used In the ninth embodiment, similar effects as in the first 
embodiment can be obtained. 

[0308] Further, since delay is realized on the baseband in the receiver, digital delay elements may be used for the 
delay elements, and hence higher integration and reduction in size of the receiver become possible. 
[0309] In the ninth embodiment, multiplexing is performed by delaying intermediate frequency signals on the trans- 
20 mitting side. On the receiving side, completely earner synchronized baseband signals are provided for differential 
decoding (demodulation). 

[0310] In the spread spectrum communication system in accordance with the tenth embodiment, the transmitter 
shown in Fig. 1 employing the second delay time setting method is used. Therefore, delay times in the transmitter and 
the receiver are set in the similar manner-as in the sixth embodiment. In the receiver of the tenth embodiment, the 
2S correlator of the receiver shown In Fig. 1 3 Is provided in the preceding stage of the distributer. ...» 
[0311] Fig. 1 5 is a schematic block diagram showing the receiver of the spread spectrum communication system In 
accordance with the tenth embodiment. 

[0312] Referring to Fig. 1 5, the receiver of the spread spectrum communication system in accordance with the tenth 
embodiment includes reception antenna 91, frequency converting portions 93. 141, local frequency signal generator 
30 1 29. correlator 1 51 , distributor 95. delay element 1 31 . differentiating portion 1 25 and detemiining portion 1 27. Portions 
corresponding to those of Fig. 1 3 are denoted by the same reference characters and description thereof Is not repeated. 
Mainly, characteristic portions will be described. 

[0313] Referring to Fig. 15, correlator 151 provides correlation signals by using the baseband signal from frequency 
converting portion 141 correlated with the spread code' used at the time of transmission. Distributor 65 distributes the 

35 baseband correlated signal from correlator 1 51 Into two, and generates distribution signals ZZ1 and ZZ2. Differentiating., 
portion 125 receives distribution signal ZZ1 and distribution signal ZZ2 delayed by delay element 131. The signal 
differentially decoded by differentiating portion 125 is output as data through determining portion 127. 
[0314] The distribution signals ZZ1 and ZZ2 correspond to correlated signals AA and BB of Fig. 12, and differential 
decoding at differentiating portion 125 is pertormed in the similar manner as differentially decoding at differentiating 

40 portion 125 of Fig. 10. 

[0315] As described above, in the tenth embodiment, correlator 151 is provided in the preceding stage of distributor 
95, so that baseband correlated signals are delayed and processed. 

[031 6] As a result, in the tenth embodiment, as compared with the receiver shown in Fig. 1 3 of the eighth embodiment, 
the number of correlators can be reduced from two to one, and the delay element 131 may be formed by a digital 
45 circuit. Therefore, circuit scale can be reduced. . -^ 

[0317] Further, in the terith^mbodiment, the transmitter shown in Fig. 1 utilizing the second delaytime setting method wv-V:»?t*\ 
is used, and setting of delay times in the transmitter and the receiver are the same as that of the sixth embodiment. 
Therefore, effects similar to those of the first and sixth embodiments can be obtained. 

[0316] In the tenth embodiment, multiplexing is performed by delaying intermediate frequency signals on the trans- 
so mitting side. On the receiving side, completely carrier synchronized baseband signals are delayed for processing. On 

the transmitting side, the second delay time setting method is used. 

[0319] In the spread spectrum communicatton system in accordance with the eleventh embodiment, the transmitter 
shown in Fig. 1 is used. Fig. 16 Is a schematic block diagram showing the receiver of the spread spectruriri communi- 
cation system in accordance with the eleventh embodiment of the present inventksn. Portions corresponding to those 
ss of Fig. 8 are denoted by the same reference characters and description thereof is not repeated. Mainly, characteristic 
portion will be described. 

[0320] Referring to Fig. 1 6, the receiver of the spread spectrum communication system in accordance with the elev- 
enth embodiment Includes reception antenna 91, frequency converting portion 93, distributor 95, delay elements 97, 
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99, 101, 103. distributors 161, 163, 165, 167, 169. frequency converting portions 171, 173. 175, 177, 178. 181, 183, 
185, 187. 189, correlators 191, 193, 195. 197. 199, 101, 103, 105, 107 109, differentiating portion 125 and determining 
portion 127. 

[0321] Distributor 95 distributes the intermediate frequency signals from frequency converting portion 93 to a number 
5 larger by one than the number of parallel signals provided in the transmitter, and generates distribution signals Z1 to 
25. Distribution signal 21 and distribution signals 22 to 25 delayed by delay elements 97 to 103 are input to distributors 
161 to 169 and each further distributed into two. 

[0322] The signals generated from distributors 161 to 169 are converted to nearly baseband (hereinafter referred to 
as 'pseudo baseband') in-phase signal (hereinafter referred to as 'I signal*) and quadrature signal (hereinafter referred 

10 to as "Q signal") by using the local frequency signal from the local frequency signal generator 1 29, that is, sin component 
and cos component of approximately the same frequency as the frequency signal on the transmitting side. The 1 and 
Q signals generated from frequency converting portions 171 to 189 are input to correlators 191 to 209. 
[0323] Con-elators 1 91 to 209 generate con^elated signals using I and Q signals correlated with the spread code used 
at the time of transmission. Differentiating portion 125 performs differential decoding using the correlated signals from 

IS correlators 191 to 209. The differentially decoded signals are output as data through determining portion 127. 

[0324] The operation of the differentiating portion 1 25 is similar to that of differentiating portion 1 25 of Fig. 8. except 
the following points. 

[0325] Differentiating portion 1 25 performs differential demodulation based on the change In phase angle, since the 
signals Input thereto are not baseband signals but pseudo baseband signals. Therefore, though not shown, drfferen- 
20 tiating portion 125 includes rneans for detecting phase from the correlated signals of I and Q signals. Details are as 
follows. 

[0326] Fig. 17 Is an Illustration of differential decoding at the differentiating portion 125 of Fig. 16. 
[0327] In Fig. 1 7, (a) shows differences at differentiating portion 1 25 In accordance with the fifth to tenth embodiments, 
and (b) shows differences at differentiating portion 125 of Fig. 16. 
2S [032S] In the fifth.to tenth embodiments, completely carrier synchronized basebancf signals are used for differential ... 
decoding (synchronous denrKxJulation method). In this case, as shown In Fig. 17(a) (for DBPSK). correlated signal 
appears (arrow S1 ) in accordance with the content of the data, on the I axis. 

[0329] Therefore, whether the phase difference is 0** or 180" is determined, using Q axis (l=0> as a reference for 
determination. More specifically, with the phase angle of 9, whether the phase difference is 0** or 180*^ is determined 
30 dependent on whether the signal is in the region A1 (90° ^ e ^ -90**) or In the region B1 (-90*" ^ 6 ^ 90"). 

[0330] The region A1 is the region used for determining the phase difference of 0", while the region B1 Is used for 
determining the phase difference of 180°. 

[0331] In the present embodiment, differential decoding (demodulation) is performed by using pseudo baseband 

signals (asynchronous demodulation method). In such asynchronousdemodulation method, the signal which appears 
3S In accordance with the content of the data has its phase indefinite, and it appears as a vector having an arbitiaiy phase 

(arrow S2), as shown in Fig. 17(b). The phase angle when such an arbitrary phase is assumed is represented by Oq. 

Therefore, whether the phase difference Is 0° or 1 80° is determined dependent on whether the signal is in the region 

A2 (90° +80^6^ -90°) or the in the region 82 (-90° + Gq ^ 6 ^ 90° + Oq), as shown In Fig. 17(b). More specifically. 

it is determined using the axis C plotted in the dotted line, as a reference. 
40 [0332] The region A2 is used for determining the phase difference of 0", and the region 82 is used for determining 

the phase difference of 180°. 

[0333] In this manner, differential decoding portion 125 demodulates data (0. 1 ) based on the change in the phase 
difference. More specifically, data is demodulated by differentiating the phase obtained by the correlated signals based 
on I and Q signals and the phase of correlated signals based on I and Q signals at respective delay times. Q axis 
4S represents amplitude of sinusoidal carrier wave, and I axis represents amplitude of cosine carrier wave. 

[0334] As described above, in the eleventh'embodiment, differential decoding (demodulation) is performed by using 
pseudo baseband signals, and not complete baseband signals. 

[0335] As a result, in the eleventh embodiment, differential decoding (demodulation) becomes possible without carrier 
synchronization. Therefore, carrier synchronization circuit (phase detector) becomes unnecessary, and as compared 

so with a receiver which performs differential decoding (demodulation) using baseband signals, the circuit scale can be 
reduced. Further, since the time until carrier synchronization Is attained becomes 0, initial operation can be speeded 
up, and throughput in packet communication or the like having short time of communication can be improved. 
[0336] Further, In the eleventh embodiment, the transmitter shown In Fig. 1 Is used, and hence similar effects as in 
the first embodiment can be obtained. 

ss [0337] In the eleventh embodiment, multiplexing is perfomied by delaying Intermediate frequency signals on the 
transmitting side. Further, on the receiving side, intermediate frequency signals are delayed for processing, using 
asynchronous modulation method (in which modulation is performed by not completely carrier synchronized pseudo 
baseband signals). 
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[0338] In the spread spectrum communication system in accordance with the twelfth embodiment, the transmitter 
shown in Fig. 1 using the second delay time setting method is used. Therefore, delay times in the transmitter and the 
receiver are the same as those in the sixth embodiment. 

[0339] Fig. 18 is a schematic block diagram showing the receiver of the spread spectrum communication system in 
accordance with the twelfth embodiment. Portions corresponding to those of Fig. 1 0 are denoted by the same reference 
characters and description thereof is not repeated. Mainly, characteristic portions will be described. 
[0340] Referring to Fig. 18, the receiver of the spread spectrum communication system in accordance with the twelfth 
embodiment includes reception antenna 91 , frequency converting portion 93, distributor 95, delay element 1 31 , dis- 
tributors 213, 215. frequency converting portions 217. 219, 221, 223, correlators 225. 227, 229, 231, differentiating 
portion 125 and determining portion 127. 

[0341] Distribution signal ZZ1 and distribution signal ZZ2 delayed by delay element 1 31 are input to distributors 21 3 
and 21 5. Frequency converting portions 21 7 to 223 convert the signals from distributors 21 3 and 21 5 to I and Q signals 
which are pseudo baseband (nearly baseband) signals, using the bcal signal from local signal generator 129, that is, 
sin component and cos component of approximately the same frequency as the frequency on the transmitting side. 
Correlators 225 to 231 generate correlated signals using Q and I signals, con-elated with the spread code at the time 
of transmissbn. Differentiating portion 1 25 performs differential decoding using the correlated signals from correlators 
225 to 231 . Differentially decoded signals are output as data through determining portion 1 27. The operation of differ- 
entiating portion 125 is similar to that of differentiating portion 125 shown in Fig. 16. 

[0342] As described above, in the twelfth embodiment, differential decoding (demodulation) is performed using pseu- 
do baseband signals (demodulation by quasi synchronous detection, that is, asynchronous demodulation method). As 
a result. In the twelfth embodiment, differential decoding (demodulation) becomes possible without complete carrier 
synchronization. Therefore, carrier synchronization circuit (phase detector) becomes unnecessary and as compared 
with differential decoding using complete baseband signals, the circuit scale can be reduced. Further, the time until 
carrier synchronization is attained is reduced to 0, and initial operation is speeded up. Accordingly, throughput can be 
Improved in packet communication and so on of which communication time Is short 

[0343] Further, In the first transmitter of Fig. 1, the second delay time setting method is used. Therefore, the delay 
times are set such that continuous signals have constant time difference, as in the sixth embodiment. As a result, in 
the twelfth embodiment, the number of delay paths can be reduced to one on the transmitting side and hence circuit 
scale of the system can be significantly reduced. Further, since only one delay path is necessary regardless of the 
number of multiplexing, circuit scale Is not enlarged even if the number of multiplexing is increased. 
[0344] Further, in the twelfth embodiment, the transmitter shown in Fig. 1 is used, and hence similar effects as in the 
first embodiment can be obtained. 

[0345] In the twelfth embodiment, on the transmitting side, multiplexing is performed by delaying intermediate fre- 
quency signals. Further, on the receiving side, intermediate frequency signals are delayed and differential decoding 
(demodulation) is performed using not completely carrier synchronized pseudabaseband signals. Further, on the trans- 
mitting side, the second delay time setting method is used. 

[0346] The spread spectmm communication system in accordance with the thirtieth embodiment, the frequency 
converting portion for converting to the pseudo baseband shown in Fig. 16 is placed preceding the delay element and 
the distributor, so that pseudo baseband signals are delayed. 
[0347] The transmitter shown in Fig. 1 is used. 

[0348] Fig. 1 9 is a schematic block diagram showing the receiver of the spread spectrum communication system in 
accordance with the thirteenth embodiment of the present invention. Portions corresponding to those of Fig. 16 are 
denoted by the same reference characters and description thereof is not repeated. Mainly, characteristic portions will 
be described. 

[0349] Referring to Fig. 1 9. the receiver of the spread spectrum communication system in accordance with ^ thir- 
teenth embodiment includes reception antenna 91 , frequency converting portion 93, distributor 95, frequency convert- 
ing portions 241. 243, distributors 245, 247, delay elements 249, 251, 253. 255, 257, 259, 261 263, correlators 191, 
193, 195, 197, 199, 201, 203, 205. 207, 209. differentiating portion 125 and determining portion 127. 
[0350] Distributor 95 distributes intermediate frequency signal into two and generates distribution signals. One of 
the distribution signals is converted to a Q signal (quadrature signal) of pseudo baseband (nearly baseband) by fre- 
quency converting portion 241 , using the local frequency signal from local frequency signal generator 1 29, that is, sin 
component of approximately the same frequency as the frequency on the transmitting side. Distributor 245 distributes 
the Q signal from frequency converting portion 241 into five and generates distribution signals. The number of distri- 
bution is larger by one than the number of parallel signals provided on the transmitter shown in Fig. 1. 
[0351 ] One of the distribution signals from distributor 240 Is directly input to conrelator 1 91 , while other four distribution 
signals are input to correlators 1 93 to 1 99 through delay elements 249 to 255. Correlated signals from correlators 1 91 
to 1 99 are input to differentiating portion 125. 

[0352] Meanwhile, the other one of the distribution signals from distributor 95 is converted to an I signal (In-phase 
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signal) of pseudo baseband, by frequency converting portion 243 using the local signal from local signal generator 
1 29, that Is, cos component of approximately the same frequency as the frequency on the transmitting side. Thereafter, 
it is similarly processed as the Q signal from frequency converting portion 241. 

[0353] Differentiating portion 1 25 performs differential decoding using correlated signals from correlators 1 91 to 209. 
5 and differentially decoded signals are output as data through determining portion 127. 

[0354] The delay times of delay elements 249 to 255 are to x^, respectively, and delay times of delay elements 

257 to 263 are tXa to x^j, which are similar to the delay elements 97 to 103 shown in Fig. 16, and set in the similar 

manner as in the example of Fig. 16. Differentiating portion 125 is similar to that shown in Fig. 16. 

[0355] As described above, in the thirteenth embodiment, the frequency converting portion for converting the inter- 
10 mediate frequency signals to pseudo baseband signal is provided in the preceding stage of delay elements, whereby 

pseudo baseband signals are delayed for processing. 

[0356] As a result, In the thirteenth embodiment, as compared with the receiver shown in Fig. 1 6, though the number 
of delay elements is Increased from four to eight, the frequency converting portions for converting to the pseudo base- 
band signals can be significantly reduced from ten to two, whereby the circuit scale can be significantly reduced. 
IS [0357] Further, since pseudo baseband signals are delayed, delay elements can be fonmed by digital circuits, so that 
higher integration and reduction in size of the receiver become possible. 

[0358] Further, since the transmitter shown in Fig. 1 is used, similar effects as in the first embodiment can be obtained. 
[0359] Further, as in the eleventh embodiment, not completely carrier synchronized pseudo baseband signals are 
used for processing, so that carrier synchronization circuit (phase detector) becomes unnecessary, and hence circuit 

20 scale can be reduced as compared with processing using complete baseband signals. Further, the time until carrier 
synchronization is attained is reduced to 0, so that initial operation is speeded up and throughput can be improved in 
packet communication or the like of which communication time is short. «k 
[0360] In the thirteenth embodiment, on the transmitting side, multiplexing is performed by delaying intermediate 
frequency signals. Further, on the receiving side, not completely carrier synchronized pseudo baseband signals are 

2s delayed and thereafter differential decoding (denrKXiulatton) is perfonned. 

[0361] in the spread spectrum communication system in accordance with the fourteenth embodiment, the transmitter 
shown in Fig. 1 employing the second delay time setting method is used. Therefore, setting of delay times in the 
transmitter and the receiver is the same as in the sixth embodiment. In the fourteenth embodiment, the frequency 
converting portion for converting to pseudo baseband shown in Fig. 18 is provided in the proceeding stage of delay 

30 elements, so that pseudo baseband signals are delayed for processing. 

[0362] Fig. 20 is a schematic block diagram showing the receiver of the spread spectrum communteation system in 
accordance with the fourteenth embodiment of the present invention. Portions corresponding to those of Fig. 18 are 
denoted by the same reference characters and description thereof is not repeated. Mainly, characteristic portbns will 
be described. - ^ 

35 [0363] Referring to Fig. 20, the receiver of the spread spectrum communication system in accordance with the four- 
teenth embodiment includes reception antenna 91 , frequency converting portion 93, distributor 95, frequency convert- 
ing portions 291 , 293, distributors 21 3, 21 5, local signal generator 1 29, delay elements 229, 301 , correlators 225, 227, 
229, 231, differentiating portfon 125 and determining portfon 127. 

[0364] Referring to Fig. 20, distribution signal ZZ1 is converted to a pseudo baseband Q signal (quadrature signal) 
40 by using sin component from local frequency signal generator 129. by means of frequency converting portion 291. 
Distributor 21 3 distributes the Q signal into two. One of the distribution signals from distributor 21 3 is input to correlator 
225 and output as a correlated signal. The other distribution signal from distributor 21 3 is input to correlator 227 through 
a delay element 229, and output as a correlated signal. 

[0365] Distribution signal 222 is converted to a pseudo baseband I signal (in-phase signal) using cos component 
45 from local signal- generator 129. Thereafter, it is processed in the similar manner as the Q signal described above. 

Frequency converting portion 291 ^is similar to frequency converting portion 217 shown in Fig. 1 8, frequency converting 2^'"- 

portion 293 is similar to frequency converting portion 219 of Fig. 18, and delay elements 299 and 301 are similar to 

delay element 1 31 of Fig. 18. Therefore, the delay times of delay elements 299 and 301 correspond to the difference 

between closest delay times in the transmitter. 
so [0366] As described above, in the fourteenth embodiment, the frequency converting portion for converting to pseudo 

baseband signals is provided in the preceding stage of the delay element, so that pseudo t>aseband signals are delayed 

for pi^ocessing. 

[0367] As a result, in the fourteenth embodiment, as compared with receiver shown in Fig. 18, the number of fre- 
quency converting portions for converting to the pseudo baseband signals can be reduced from four to two, and the 
ss circuit scale of the receiver can be reduced. 

[0368] Further, in the fourteenth embodiment, the second delay time setting method is employed, and the delay times 
are set on the transmitter such that the continuous signals have same time intervals. Therefore, only one delay path 
is necessary in the receiver side, and the circuit scale can be significantly reduced, as in the sixth embodiment. Further, 
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only one delay path is necessary regardless of the member of multiplexing: so that the circuit scale is not enlarged 
even if the number of multiplexing is increased. 

[0369] Further, since pseudo baseband signals are delayed, delay elements can be formed by digital circuits, where- 
by high integration and reduction in size of the receiver become possible. 

5 [0370] Further, in the fourteenth embodiment, pseudo baseband signals are delayed and differential decoding (de- 
modulation) is performed. Therefore, carrier synchronization circuit (phase detector) becomes unnecessary, and the 
circuit scale can be reduced, as compared with processing using complete baseband signals. Further, since the time 
until carrier synchronization is attained can be reduced to 0, initial operation is speeded up, and throughput can be 
improved in packet communication or the like of which transmission time is short. 

10 [0371] In the fourteenth embodiment, in the transmitter, multiplexing Is performed by delaying intemiediate frequency 
signals. Further, on the receiving side, differential decoding (demodulation) is performed by using not completely carrier 
synchronized pseudo baseband signals. Further, the second delay time setting method Is used. 
[0372] In the spread spectrum communication system in accordance with the fifteenth embodiment, the correlator 
shown in Fig. 19 is provided preceding the distributor of the succeeding stage. Further, the transmitter shown in Fig. 

IS 1 is used. 

[0373] Fig. 21 is a schematic block diagram showing the receiver of the spread spectrum communication system in 
accordance with the fifteenth embodiment. Porttons corresponding to those of Fig. 19 are denoted by the same refer- 
ence characters and description thereof Is not repeated Mainly, characteristic portions will be described. 
[0374] Referring to Fig. 21 . the receiver of the spread spectrum communication system in accordance with the fif- 
20 teenth embodiment includes reception antenna 91 , frequency converting portion 93. distributor 95, frequency convert- 
ing portions 241 , 243, correlators 311 , 31 3, distributors 245, 247, tocal signal generator 1 29, delay elements 249, 251 , 
253, 255. 257, 259, 261, 263, differentiating portbn 125 and determining portion 127. 

[0375] Correlator 31 1 generates a correlated signal by using the pseudo baseband Q signal from frequency convert- 
ing portion 241 . correlated with the spread code used at the time of transmissbn. Distributor 245 distributes the cor- 
25 related signal from correlator 311 to five, and generates distribution signals. One of the distributbn signals from dis- 
tributor 245 is directly input to differentiating portbn 1 25, and other four are input to differentiating portion 1 25 through 
delay elements 249 to 255. 

[0376] The pseudo baseband 1 signal generated from frequency converting portion 243 is processed in the similar 
manner as the Q signal. Differentiating portion 125 receives two distribution signals from distributors 245 and 247 as 
30 well as eight signals from delay elements 249 to 263 and performs differential decoding. The differentially decoded 
signals are output as data through determining portion 127. 

[0377] As described above, in the fifteenth embodiment, the correlator is provided preceding the distributor for dis- 
tributing the pseudo baseband signals for processing. 

[0378] > As a result, as compared with the receiver shown in Fig. 19, in the fifteenth embodiment, the numbenof 
3S correlators can be reduced from ten to two, so that the circuit scale can be reduced. 

[0379] Further, since the transmitter shown in Fig. 1 is used, similar effects as the first embodiment can be obtained. 
[0380] Further, since pseudo baseband signals are delayed, delay elements can be formed by digital circuits, where- 
by higher integration and reduction in size of the receiver become possible. 

[0381] Further, since not completely carrier synchronized pseudo baseband signals are used for differential decoding 
40 (demodulation), carrier synchronization circuit (phase detector) becomes unnecessary and hence circuit scale can be 
reduced as compared with processing using completely baseband signals. Further, since time until carrier synchroni- 
zation is attained can be reduced to zero. Initial operation can be speeded up, and throughput can be improved in 
packet communication or the like of which transmission time Is short. 

[0382] in the fifteenth embodiment, on the transmitting side, multiplexing is performed by delaying intemnediate f re- 
45 quency signals. On the receiving side, not completely carrier synchronized pseudo baseband signals are used for 

processing, 

[0383] In the spread spectrum communication system in accordance with the sixteenth embodiment, the correlator 
shown in Fig. 20 is provided in the preceding stage of the distributor for distributing the pseudo baseband signals. The 
transmitter shown In Fig. 1 using the second delay time setting method is used. 
so [0384] Fig. 20 is a schematic block diagram showing the receiver of the spread spectrum communication system in 
accordance with the sixteenth embodiment of the present invention. Portions corresponding to those of Fig. 20 are 
denoted by the sahne reference characters and description thereof is not repeated. Mainly, the characteristic portions 
will be described. 

[0385] Referring to Fig. 22, the receiver of the spread spectrum communication system in accordance with the six- 
ss teenth embodiment includes reception antenna 91 , frequency converting portion 93. distributor 95. frequency convert- 
ing portions 291 , 293, correlators 311 , 31 3, distributors 21 3, 21 5. bcal signal generator 1 29, delay elements 299. 301 . 
differentiating portion 125 and detemiining portion 127. 

[0386] Correlator 31 1 generates a correlated signal using the pseudb baseband Q signal from frequency converting 
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portion 291. correlated with the spread code used on the transmitting side. Distributor 213 distributes the correlated 
signal from correlator 31 1 to two, and generates distribution signals. One of the distribution signals from distributor 2 1 3 
is input to differentiating portion 125. The other one of the distribution signals from distributor 213 is input to differen- 
tiating portion 125 through delay element 299. 

5 [0387] The pseudo baseband I signal from frequency converting portion 293 is also processed in the similar manner 
as Q signal. Differentiating portion 125 receives two distribution signals from distributors,213 and 215 as well as two 
delayed distribution signals from delay element 1 99 and 301 . Differentiating portion 125 performs differential decoding 
based on these signals. The differentially decoded signals are output as data through determining portion 127. 
[0388] As described above, in the sixteenth embodiment, the correlator is provided in the preceding stage of the 

10 distributor for distributing the pseudo baseband signals for processing. 

[0389] As a result, in the sixteenth embodiment, as compared with the receiver of Fig. 20, the number of correlators 
can be reduced from four to two, and the circuit scale can be reduced. 

[0390] Further, since in the sixteenth embodiment the transmitter shown in Fig. 1 Is used, so that similar effects as 
In the first embodiment can be obtained. 
IS [0391] Further, on the receiving skie. differential decoding (demodulation) is perfomrted by processing pseudo base- 
band signals. Therefore, carrier synchronization circuit (phase detector) becomes unnecessary, and hence circuit scale 
can be reduced as compared with processing using completely baseband signals. Further, time until synchronization 
is attained is eliminated, and therefore throughput can be Improved in packet communication, for example, of which 
communication time is short. 

20 [0392] Further, since pseudo baseband signals are delayed, delay elements can be formed by digital circuits, so that 
higher integration and reduction in size of the receiver become possible. 

[0393] Further, the second delay time setting method is used, and the delay times in the transmitter are set such 
that continuous signals have the same time difference between each other as In the sixth embodiment. Therefore, only 
one delay path is necessary on the receiving side, and hence circuit scale can be significantly reduced. Further, since.; 
2S the delay path is only one regardless of the number of multiplexing, circuit scale is not enlarged even when the number 
of multiplexing is increased. 

[0394] In the sixteenth embodiment, on the transmitting side, multiplexing is performed by delaying Intermediate 
frequency signals. On the receiver side, not completely can-ier synchronized pseudo baseband signals are delayed 
for further processing. On the transmitting side, the second delay time setting method Is used. 

30 [0395] The spread spectrum communication system in accordance with a seventeenth embodiment of the present 
Invention includes the transmitter shown in Fig. 4 and the receiver shown in Fig. 12. Characteristics will be described. 
In the transmitter, a plurality of parallel signals PI to P4 are spread by the spread code and thereafter delayed. Further, 
time difference between the delay times is set to an arbitrary time period of at least 1 chip (first delay time setting 
method). Multipiexih'g is performed by delaying baseband signals. 

3S [0396] The receiver performs differential decoding (demodulation) by delaying completely carrier synchronized base- 
band signals. 

[0397] As the spread spectrum communication system in accordance with the seventeenth embodiment has the 
above described structure and characteristics, similar effects as obtained in the second and seventh embodiments can 
be obtained. 

40 [0398] The spread spectrum communication system in accordance with an eighteenth embodiment includes the 
transmitter shown in Fig. 4 and the receiver of Fig. 13. Characteristics will be described. In the transmitter, a plurality 
of parallel signals PI to P4 are spread by a spread code and thereafter delayed. Further, the time difference between 
the delay times Is set to a constant arbitrary time period of at least 1 chip (second delay time setting method). Multi- 
plexing is perfonDed by delaying baseband signals. 

45 [0399] The receiver perfonms differential decoding (demodulation) by delaying completely carrier synchronized base- 
band signals. 

[0400] The spread spectrum communication system in accordance with the eighteenth embodiment having the above 
described structure and characteristic provide similar effects as In the second and eighth embodiments. 
[0401] The spread spectrum communication system in accordance with the nineteenth embodiments includes the 
so transmitter shown in Fig. 4 and the receiver shown in Fig. 14. Characteristics will be described. In the transmitter, a 
plurality of parallel signals PI to P4 are spread by a spread code and thereafter delayed. The time difference between 
delay times is set to an arbitraiy time period of at least 1 chip (first delay time setting method). Multiplexing is performed 
by delaying baseband signals. 

[0402] The receiver performs differential decoding (demodulation) by processing completely carrier synchronized 
ss baseband signals. 

[0403] The spread spectrum communication system in accordance with the nineteenth embodiment having the above 

described structure and characteristics provide similar effects as the second and ninth embodiments. 

[0404] The spread spectrum communication system In accordance with a twentieth embodiment Includes the trans- 
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mitter shown in Fig. 4 and the receiver of Fig. 15. Characteristics will be described. In the transmitter, a plurality of 
parallel signals P1 to P4 are spread by a spread code and thereafter delayed. The time difference between delay times 
is set to a constant arbitrary time period of at least 1 chip (second delay time setting method). Multiplexing is performed 
by delaying baseband signals. 

[0405] The receiver processes by delaying completely carrier synchronized baseband signals. 
[0406] The spread spectrum communication system in accordance with the twentieth embodiment having the above 
described structure and characteristics provide similar effects as the seventh and tenth embodiments. 
[0407] The spread spectrum communication system in accordance with a twenty-first embodiment includes the trans- 
mitter shown in Fig. 4 and the receiver shown in Fig. 1 9. Characteristics will be described. In the transmitter, a plurality 
of parallel signals PI to P4 are spread by a spread code and thereafter delayed. Further, the time difference between 
delay time Is set to an arbitrary time period of at least 1 chip (first delay time setting method). Multiplexing is performed 
by delaying baseband signals. 

[0408] The receiver delays not completely carrier synchronized pseudo baseband signals, and thereafter performs 
differential decoding (demodulatbn). 

[0409] The spread spectrum communication system in accordance with the twenty4lrst embodiment having the 
above described structure and characteristics provide similar effects as the second and thirteenth embodiments. 
[041 0] The spread spectrum communication system in accordance with the twenty-second embodiment Includes the 
transmitter of Fig. 4 and receiver of Fig. 20. Characteristics will be described. In the transmitter, a plurality of parallel 
signals P1 to P4 are spread by a spread code and thereafter delayed. Further, the time difference between delay times 
is set to a constant arbitrary time period of at least 1 chip (second delay time setting method). Multiplexing is performed 
by delaying baseband signals. 

[041 1] The receiver performs differential decoding (demodulation) using not completely carrier synchronized pseudo 
baseband signals. 

[0412] The spread spectrum communication system in accordance with the twenty-second embodiment having the 
above described structure and cbaracteristics provide similar effects as the second and fourteenth embodiment. 
[0413] The spread spectrum communication system in accordance with the twenty-third embodiment includes the 
transmitter of Fig. 4 and a receiver of Fig. 21 . Characteristics will be described. In the transmitter, a plurality of parallel 
signals PI to P4 are spread by a spread code and thereafter delayed. Further, time difference between delay times is 
set to an arbitrary time period of at least 1 chip (first delay time setting method). Multiplexing is performed by delaying 
baseband signals. 

[0414] The receiver delays not completely carrier synchronized pseudo baseband signals, and thereafter, perfomns 
differential decoding (demodulation). The spread spectrum communication system in accordance with the twenty4hird 
embodiment having the above described structure and characteristics provide similar effects as the second and fifteenth 
embodiment. 

[0415] The spread spectrum communication system in accordance with the twenty4ourth embodiment includes the 
transmitter of Fig. 4 and a receiver of Fig. 22. Characteristics will be described. In the transmitter, a plurality of parallel 
signals P1 to P4 are spread by a spread code and thereafter delayed. The time difference between the delay times Is 
set to a constant arbitrary time period of at least 1 chip (second delay time setting method). Multiplexing is performed 
by delaying baseband signals. 

[0416] The receiver delays not completely carrier synchronized pseudo baseband signals for processing. In the 
transmitter, the second delay time setting method is used. The spread spectrum communication system in accordance 
with the twenty-fourth embodiment having the above described structure and characteristics provide similar effects as 
the second and sixteenth embodiments. 

[0417] The spread spectrum communication system in accordance with the twenty-fifth embodiment uses the trans- 
mitter of Fig. 4. The receiver of the twenty-fifth embodiment Is the receiver shown in Fig. 14 used in the nineteenth 
embodiment, with two latch portions and a latch controller provided as equivalence to delay elements 97 to 104. 
[0418] Fig. 23 is a schematic block diagram showing the receiver of the spread spectrum communication system in 
accordance with the twenty-fifth embodiment of the present invention. Portions corresponding to those of the receiver 
shown In Fig. 1 4 used for the nineteenth embodiment are denoted by the same reference characters and description 
thereof is not repeated. Mainly, characteristic portions will be described. 

[0419] Referring to Fig. 23, the receiver of the spread spectrum communication system in accordance with the twenty- 
fifth embodiment includes reception antenna 91, frequency converting portions 93, 141. local signal generator 129. 
correlator 151, distributor 95. latch portions 331. 333. latch controller 335. differentiating portion 125 and detenmlning 
portion 127. 

[0420] Distributor 95 distributes the correlated signal (correlated output) from correlator 1 51 into two and generates 
distribution signals. One of the distribution signals from distributor 95 Is applied to latch portion 331 , and the other is 
input to latch portion 333. 

[0421] Latch portion 331 latches one of the distribution signals from distributor 95 based on the latch control signal 
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b from latch controller 335. Latch portion 333 latches the other distribution signal from distributor 95 based on the lalch 
control signal c from latch controller 335. 

[0422] The correlated signal a from correlator 151 includes for signals of different correlation multiplexed in time. 
Therefore, by latching the signal at latch portions 331 and 333 based on latch control signal b and c as the timing of 
s delay times of the multiplexed signals, the signal before one delay can be acquired. By using latch signals d and e 
from latch portions 331 and 333, differentially decoding is performed at differentiating portion 125. and the signals are 
demodulated. The differential decoded signals are output as data through determining portion 127. Details are as 
folbws. 

[0423] Fig. 24 is an illustration showing the operation at latch portions 331 and 333 as well as latch controller 335. 
10 [0424] In Rg. 24, (a) shows correlated signal a of Fig. 23, (b) shows latch control signal b from latch controller 335. 
(c) shows latch control signal (c) from latch controller 335, (b) shows latch signal (d) from latch portion 331 of Fig. 23. 
and (e) shows latch signal e from latch portion 333 of Fig. 23. 

[0425] Referring to Figs. 23 and 24. correlated signal a includes multiplexed four signals al to a4. As the signals are 
delayed by the transmitter shown In Fig. 4, the signal al is apart from signal a2 by the time period Xg. The signal a^ is 
IS apart from signal aS by the time period t|,. The signal a3 is apart from the signal a4 by the time period t^. More specifically, 
by the delay provided In the transmitter, the signals are multiplexed with the correlation peaks a1 to a4 shifted by Xg, 
x^, Xg, respectively. 

[0426] Therefore, latch timing at latch portions 331 and 333 are set to x^, x^ and x^ alternately in latch portions 331 , 
and 333, whereby the signal before one delay can be used for differentiating. Details are as follows. 
20 [0427] Latch controller 335 generates latch control signal b at the timings of signals a1 and a3 (Fig. 24(b)). Latch 
portion 331 latches the data of signals al and a3, based on such latch control signal b (Fig. 24(d)). 
[0428] Latch controller 335 generates latch control signal c at the timings of signals a2 and a4 (Fig. 24(c)). Latch 
portion 33 latches the data of signals a2 and a4 by such latch control signal c (Fig. 24(e)). 

[0429] Therefore, differentiating portion 125 differentiates data of signals al and a2 at point P1 , differentiates data 
2S of signals a2 and a3 as point p2, and differentiates data of signals a3 and a4 at points PS. In this manner, differentiated 
portion 125 performs differential decoding and demodulation. 

[0430] In the example shown in Fig. 24, the shortest of the delay times in the receiver is set to 0. Referring to Fig. 
4. the delay time X2 of delay element 29 is similar to the time x^ of Fig. 24, and delay time X3 of delay element 31 shown 
in Fig. 1 is similar to time x^ + Xj,. and delay time X3 of delay element 33 of Fig. 1 Is similar to time x^ + X|, + x^ of Fig. 24. 
30 [0431] The time periods x^, % and of Fig. 24 are similar to delay time x^ of delay element 97, delay time Xj, of delay 
element 99 and delay time x^ of delay element 101 of Fig. 14. 

[0432] As described above, latch portions 331 and 333 as well as latch controller 335 may be provided as equivalence 
to delay elements 97 to 103 of Fig. 14, since digital circuits can be readily used in the receiver, as delaying and other 
processes are perfomned on the baseband signals in the transmitter. Latch portions 331 and 333 need be structured 
3S by digital circuits. 

[0433] As described above, in the twenty-fifth embodiment, instead of a plurality of delay element, latch portions 331 
and 333 as well as a latch controller 335 are provided in the receiver. 

[0434] Therefore, in the twenty-fifth embodiment, the circuit scale of the receiver can be reduced as compared with 
differential decoding by the differentiating portion 125 using signals from a plurality of delay elements. 

40 [0435] Further, since the transmitter shown in Fig. 4 is used, similar effects as in the second embodiment can be 
obtained. ^ 
[0436] Further, the twenty-fifth embodiment provides similar effects as the nineteenth embodiment, since the receiver 
of the twenty-fifth embodiment differs from the receiver shown in Fig. 14 in its structure only in that latch portions and 
latch controller are used instead of delay elements. 

4S [0437] In the twenty-fifth embodiment, multiplexing^ is performed by delaying baseband signals on the transmitting 
side. In the receiver, completely carrier synchronized basebaindsSigiaals are processed for differential decoding (de- 
modulation). 

[0436] The spread spectrum communication system in accordance with a twenty-sixth embodiment employs the 
same transmitter and the receiver of the twenty-fifth embodiment. More specifically, the twenty sixth embodiment in- 

so dudes the transmitter shown in Fig. 4 and the receiver shown in Fig. 23. Only difference is that the second delay time 
setting method is used in the transmitter and the delay times are set in the similar manner as in the sixth embodiment. 
More specifically, the delay times are set such that adjacent ones of the signals multiplexed in the transmitter have the 
same time difference between each other. In Fig. 24, x^ = x^, = x^, that is, this embodiment differs in that the time inten^al 
of the latch control signals is also constant. 

55 [0439] The twenty-sixth embodiment having the above described structure provides similar effects as the twenty- 
fifth embodiment. 

[0440] The spread spectrum communication system in accordance with the twenty-seventh embodiment uses the 
transmitter shown in Fig. 4. In the twenty-seventh embodiment, the receiver is the receiver shown in Fig. 29 of the 



23 



EP 1 058 399 A2 



twenty-third embodiment. However, in the receiver, latch portions and a latch controller are provided instead of the 
plurality of delay elements. 

[0441] Fig. 25 is a schematic block diagram showing the receiver of the spread spectrum communication system in 
accordance with the twenty-seventh embodiment of the present invention. Portions corresponding to those of Figs. 21 
s and 23 are denoted by the same reference characters and description thereof is not repeated. Characteristic portions 
wilt be described. 

[0442] Referring to Fig. 25, the receiver of the spread spectrum communication system in accordance with the twenty- 
seventh embodiment includes reception antenna 99, frequency converting portion 93. distributor 95, frequency con- 
verting portions 241, 243, correlators 311 » 313, distributors 245, 247, local signal generator 129, latch portions 341, 

10 343, 345, 347. latch controller 335, differentiating portion 125 and determining portion 127. 

[0443] Referring to Fig. 25, the correlated signal al which is a pseudo baseband signal from correlator 311 is distrib- 
uted into two by distributor 245, and input to latch portions 341 and 343. Latch portions 341 and 343 latches the signals 
input to latch portions 341 and 343 based on the latch control signals b1 and c1 from latch controller 335, 
[0444] The timing of latching at latch portions 341 and 343, that is, the timings of latch control signals b1 and c1 from 

IS latch controller 335 as the same as those described with reference to the twenty-fifth embodiment. The con'elated 
signal ai and latch control signals b1 and c1 of Fig. 25 corresponds to correlated signal a and latch control signals b 
and c of Fig. 23. respectively. 

[0445] Distributor 247 distributes correlated signal a2 which Is a pseudo baseband signal from correlator 31 3 into 
two and applies to latch portion 345 and 347. 
20 [0446] Latch portions 345 and 347 latch signals from distributor 247 based on latch control signals b2 and c2 from 
latch controller 335. Namely, latching at latch portions 345 and 347 is perfomned in the similar nnanner as at latch 
portions 341 and 343 described above. Correlation signal a2 and latch control signals b2 and c2 of Fig. 25 correspond 
to correlated signal a and latch control signals b and c of Fig. 23. 

[0447] As described above, in the twenty-seventh embodiment, latch portions 341 to 347 and latch controller 335 
2S are used instead of the plurality of delay elements shown In Fig. 21 . 

[0448] As a result, in the twenty-seventh embodiment, circuit scale of the receiver can be reduced, as compared 

with the example in which differential decoding is performed based on said signals from the plurality of delay elements. 

[0449] Further, the twenty-seventh embodiment provides the similar effects as the second embodiment, since it uses 

the transmitter shown in Fig. 4. 
30 [0450] Further, the receiver of the present embodiment differs from the receiver of Fig. 21 only in that it uses latch 

portions and latch controller rather than the delay elements, and hence the twenty-seventh embodiment provides similar 

effects as the twenty-third embodiment. 

[0451] In the twenty-seventh embodiment, In the transmitter, multiplexing is pertonmed by delaying baseband signals. 
Further, in the receiver, differential decoding (demodulation) is performed by using not completely carrier synchronized 
3S pseudo baseband signals. The reason why latch portions and latch controller may be used Instead of the plurality of 
delay elements is the same as described with respect to the twenty-fifth embodiment. 

[0452] The spread spectrum communication system In accordance with the twenty-eighth embodiment uses the 
transmitter and the receiver of the same structure as used in the twenty-seventh embodiment. Namely, it includes the 
transmitter shown in Fig. 4 and the receiver shown in Fig. 25. 
40 [0453] What is different from the twenty-seventh embodiment is that the second delay time setting method is used 
and the delay times in the transmitter are set in the similar manner as in the sixth embodiment. More specifically, the 
delay times in the transmitter are set such that adjacent ones of the multiplexed signals have the same time difference 
between each other. Further, this embodiment differs in that timings for generating the latch control signals from latch 
controller 333 are the same. 

4S [0454] The twenty-eighth embodiment having the above described structure provides the similar effects as the twen- 
ty-seventh embodiment. >< ■ > rrr . 

[0455] The first to twenty-eighth embodiments have been described assuming that the system is used for DBPSK. 
However, the spread spectrum communication system providing similar effects as the above embodiments can be 
implemented and the system of the present inventbn is generally applicable in phase modulating method such as 
so DQPSK or in amplitude phase modulation method, provided that I channel and Q channel correlators are prepared. 
[0456] The spread spectrum communication system in accordance with the twenty-ninth embodiment is applied to 
DQPSK method. 

[0457] Fig. 26 Is a schematic block diagram showing a transmitter of the spread spectrum communication system 
in accordance with the twenty-ninth embodiment of the present invention. Portions corresponding to those of Fig. 1 
ss are denoted by the same reference characters and description thereof is not repeated. Mainly, characteristic portions 
will be described. Fig. 26 con'esponds to a transmitter of Fig. 1 of the spread spectrum communication system using 
the DBPSK method. 

[0456] Referring to Fig. 26. the transmitter of the spread spectrum communication system in accordance with the 
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twenty-ninth embodiment includes data generating portion 1, differential coding portion 3, S/P converting portion 5, 
multipliers 351 . 353, 355. 357. 359, 361. 363, 365. PN generator 7. modulators 367, 369, 371, 373, local signal gen- 
erator 9, delay elements 27. 29, 31 , 33, multiplier 35. frequency converting portion 37. power amplifying portion 39 
and transmission antenna 41 . 

s [0459] What is different from the DBPSK method (that is, what is different from Fig. 1 ) is that the signal from differential 
coding portion 3 Is divided such that the number of parallel signals is doubled in S/P converting portion 5 (in the present 
invention, the number of parallel signals is 8, while it is 4 in Fig. 1 ). Multiplexers 351 to 365 multiply eight parallel signals 
PI to P8 by a spread code from PN generator 7. IN^odulator 367 performs DQPSK modulation using 2 bits of data from 
multipliers 351 and 353. The same applies to modulators 369 to 373. These are the points different from Fig. 1 employing 

10 DBPSK method. The processes in the succeeding stage of modulators 367 to 373 are the same as that In the transmitter 
shown in Fig. 1. The first or second delay time setting method Is used. 

[0460] Fig. 27 Is a schematic block diagram showing a receiver in accordance with the spread spectrum communi- 
cation system in accordance with the twenty-ninth embodiment of the present invention. Portions corresponding to 
those of Fig. 8 are denoted by the same reference characters and description thereof is not repeated. Mainly, charac- 
IS teristic portions will be described. 

[0461] The receiver shown in Fig. 27 corresponds to the receiver shown in Fig. 8 of the spread spectrum communi- 
cation system using the DBPSK method. 

[0462] Referring to Fig. 27, the receiver of the spread spectrum communication system in accordance with the twenty- 
ninth embodiment of the present invention includes reception antenna 91 , frequency converting portion 93. distributor 
20 95, delay elements 381 , 383, 385, 387. frequency converting portions 389, 391 , 393, 395, 397, local frequency signal 
generator 129, correlators 399, 401, 403, 405, 407, 409, 411, 413, 415, 417. differentiating portion 125 and determining 
portion 127. Differentiating portion 125 is the same as differentiating portion 125 of Fig. 19. 

[0463] What is different from the DBPSK method is that after the signals are frequency converted by using cos and 
sin components from local signal generator 129 at frequency converting portions 389 to 397, the IF signals are con- 
25 verted to I signals (in-phase signals) and Q signals (quadrature signals) to be Input to correlators 399 to 41 7. Processes 
following the correlators 399 to 417 are the same as those of Fig. 8. 

[0464] As described above, the twenty-ninth embodiment employs DQPSK method, in contrast to the fifth embodi- 
ment which employs the DBPSK method (in which the transmitter used is shown in Fig. 1 and the receiver used Is 
shown in Fig. 8). 

30 [0465] Therefore, the twenty-ninth embodiment provides similar effects as the fifth embodiment. 

[0466] In the twenty-ninth embodiment, the transmitter and the receiver corresponding to those of Figs. 1 and 8 have 
been described. However, by setting the number of parallel signals provided in the transmitter twice that of the DBPSK 
method so that the signals can be used as I (in-phase) and Q (quadrature) data, all the embodiments described above 
may be applied to DQPSK method. The reason is that the only difference between the DBPSK method and the DQPSK 

35 method is whether the phase is represented by 1 bit or by 2 bits. 

[0467] In the first to twenty-ninth embodiments, in the receiver, the time difference between delay times is whether 
an arbitrary time period of at least 1 chip (first delay time setting method) or the same time period of at least one chip 
(second delay time setting method). 

[0468] However, when actual circuits are to be assembled, it is difficult to set the time difference between the delay 
^ times to an arbitrarily time period when the delay elements are to be configured In the Intermediate frequency band 
(IF band), for example. Even If the time difference is to be set identically, it may be impossible dependent on the number 

of multiplexing. 

[0469] Digital delay elements may be used as the delay elements for the baseband or pseudo baseband configura- 
tion. However, there is a problem that sometimes the spread code Is not divisable by the desired parallel number 
45 (number of multiplexing). For example, if the spread rate is 16 chips and the number of multiplexing is 4, it can be 
divided by 4. However, if the spread rate is 15 chips; it cannot be divided but there is a fraction. Further, the spread 
rate of 16 chips is not divisible if the number of multiplexing is 5. 

[0470] Therefore, in the spread spectrum communication system in accordance with the thirtieth embodiment, if it 
is difficult to set the time difference between the delay times all Identical to each other In the transmitter, some of the 
so time differences are set to be the same and others are set to arbitrarily time period, or vice versa. 

[0471] As a result, in the thirtieth embodiment, degree of freedom in designing can be made higher when a practical 
circuitry of the spread spectrum communication system is to be provided. 

[0472] Further, In the thirtieth embodiment, the number of multiplexing can be detemrtined regardless of the number 
of chips of the spread code, and the circuitry for the spread spectrum communication system can be assembled freely 
ss [0473] In the thirtieth embodiment, the transmitter and the receiver in accordance with any of the first to twenty-ninth 
embodiments are used. In accordance with the number of multiplexing in the transmitter (that is, the number of multi- 
plexing when the time difference between delay times is made identical and at least 1 chip, and the number of multi- 
plexing when the time difference Is set to an arbitrarily time period of at least 1 chip), an appropriate receiver In ac- 
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cordance with the fifth to twenty-ninth embodiments is used in combination. Therefore, the thirtieth embodiment pro- 
vides similar effects as those corresponding to the first to twenty-ninth embodiments. 

[0474] \n the spread spectrum communication system in accordance with the thirty-first embodiment, a PDI (Post 
Detection Integrator) portion which can absorb the influence of multipath or the like Is provided between the differen- 

s tiating portion 125 and determining portion 127 of the fifth to thirtieth embodiments. An example will be described. 
[0475] Fig. 28 is a schematic block diagram showing the receiver of the spread spectrum communication system In 
accordance with the thirty-first embodiment of the present invention. Port tons corresponding to those of Fig. 8 are 
denoted by the same reference characters and description thereof is not repeated. In the receiver shown in Fig. 28, a 
PDI portion 421 is provided between determining portion 127 and differentiating portion 125 of the receiver shown in 

10 Fig. 8. The transmitter shown in Fig. 1 is used. 

[0476] Referring to Fig. 28. the receiver of the spread spectrum communication system in accordance with the thirty- 
first embodiment includes reception antenna 91 , frequency converting portion 93, distributor 95, delay elements 97 to 
1 03, frequency converting portions 1 05 to 1 1 3, local signal generator 1 29, correlators 11 5 to 1 23, differentiating portion 
125, PDI portion 421 and determining portion 127. 

IS [0477] Referring to Fig. 28. PDI (Post Detectton Integration) is performed by Integrating the differentially decoded 
signals F spread by the multipath for a prescribed time period (0 to T^). PDI is discussed in detail in Mitsuo Yokoyama, 
Spread Spectrum Communfcation System (KAGAKU GIJUTSU SHUPPANSHA). 

[0478] Fig. 29 shows a general PDI and in Fig. 29. (a) Illustrates general PDI, and (b) illustrates the PDt in accordance 
with the present embodiment 

20 [0479] Referring to Fig. 29(a), generally PDI is advantageous in that It can demodulate not only one way but multipath 
wave signals, by different'ating with respect to one period T of the spread code. 

[0480] However, In multipath environment In whksh high speed fading occurs, the environment changes between the 
signal a2 and the signal a1 before one period T of the spread code. Therefore, sometimes it becomes impossible to 
improve performance or in some cases, the performance is degraded, when PDI is performed. 

25 [0481] In the thirty-first embodiment, four signals are multiplexed in one period T of the spread code as shown In (b), 
and signals a1 and a2, a2 and a3, a3 and a4 and a4 and b1 are differentiated. Therefore, the time for differentiation 
is reduced to one severalth as compared with the time when multiplexing is not performed. Therefore, as compared 
with the example in which multiplexing Is not performed (Fig, 29(a)), the change in environment is much reduced, and 
hence PDI is effective and provides improved performance even in high speed fading environment. 

30 [0482] Therefore, in the thirty-first embodiment, performance under fading environment can be significantly Improved 
as compared with the example in which multiplexing is not performed. 
[0483] Fig. 30 is an illustration of the PDI at PDI portion 421 shown in Fig. 28. 

[0484] In Fig. 30, (a) shows multiplexed four signals a1 to a4. Here, differentiating portion 125 differentiates signals 
a1 and a2, a2 and a3.^a3 and a4. 
35 [0485] In Fig. 30, (b) shows the signal after differentiation between signals a1 and a2 of (a). PDI portion 41 2 performs 
post detection integration using the signal after differentiation, such as shown in Fig. 30(b). More specifically, PDI is 
performed by integrating the differentially decoded signals in the period T^^, of Fig. 30(b). 
[0486] Fig, 31 shows another example of PDI at PDI portton 421 of Fig. 28. 

[0487] In Fig. 30, (a) shows multiplexed four signals a1 to a4. What is different from Fig. 30 Is that there is an Inverted 

40 portion In one signal. Differentiating portion 1 25 of Fig. 28 differentiates signals a1 and a2. a2 and a3, and a3 and a4. 
[0488] Fig. 31(b) shows a signal after differentiation between signals a1 and a2 of (a). PDI portion 421 of Fig. 28 
performs PDI by integrating the differentially decoded signal in the period T,^ shown in Fig. 31(b). 
[0489] PDI is performed after differential decoding, since there occurs a problem when there is an Inverted portion 
in one signal, such as shown in Fig. 31. More specifically, if positive/negative is inverted at just the point where the 

^ phase is Inverted because of fading, differential decoding after PDI may cause ^problem. Therefore, PDI is performed 
■ • * 'i^^after differential decoding. v . « . 

[0490] As described above, in the thirty-first embodiment, differential decoding Is performed by using multiplexed 
signals with the time interval between each of the signals being short, therefore, as compared with differential decoding 
using signals not multiplexed, the change in environment Is smaller, and hence PDI is effective and provides higher 

so performance even under high speed fading environment. Further, since the transmitter and the receiver similar to those 
used in the fifth embodiment are used, similar effects as the fifth embodiment can be obtained. 
[0491] In the thirty-first embodiment, PDI portion 421 is provided between differentiating portion 125 and determining 
portion 127 of the fifth embodiment. Similar effects can be obtained by providing PDI between differentiating portion 
125 and determining portion 127 of the receiver in accordance with any of the sixth to thirtieth embodiments. In that 

ss case, similar effects as any of the sixth to thirtieth embodiments can also be provided. 

[0492] In the thirty-first embodiment, a signal Is differentiated with a signal before one delay time (that is, differentiation 
is performed between adjacent ones of the multiplexed signals), and thereafter PDI is performed, which is advanta- 
geous in that it can follow high speed change in environment. In the spread spectrum communication system in ac- 
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cordance with the thirty-second embodiment, control of integration period (window) and weighting of integration is 
performed using the signal before one delay time (using a signal preceding by one the signal which is the first of the 
two signals to be differentially decoded). 

[0493] Referring to Fig. 30, when signals a2 and a3 are to be differentiated, control of the window (period of Fig. 
30) and maintaining of Integration of PDI are performed by using the signal a1 (preceding the signal a2 by one delay 
time), which precedes signals a2 and a3. as a pilot signal. 

[0494] In the thirty*second embodiment, PDI is controlled using a signal close in time (preceding by one delay) as 
a pilot signal, whereby PDI can be precisely controlled. Therefore, in the thirty-second embodiment, effect of PDI can 
further be improved as compared with the thirty-first embodiment. In addition, effects similar to the fifth to thirty-first 
embodiments can be obtained. 

[0495] The transmitter and the receiver of the thirty-second embodiment are those in accordance with any of the fifth 
to thirtieth embodiments as in the thirty-first embodiment, and PDI portion Is provided between the differentiating portbn 
and the detemnining portion of the receiver. 

[0496] In the spread spectrum communication system in accordance with the thirty-third embodiment, as in the thirty- 
first embodiment, the transmitter and the receiver in accordance with any of the fifth to thirtieth embodiments are used, 
and PDI portion for PDI is provided between the differentiating portion and the determining portion of the receiver. 
[0497] In the thirty-second embodiment, refemng to Fig. 30. when signals a2 and aS are to be differentiated, the 
signal a1 preceding by one the signal a2 is used as a pilot signal. In the thirty-third embodiment, when signals a2 and 
a3 are to be differentiated, several signals in the period preceding the signal a2 (not ail are shown) are used for con- 
trolling window Tm (time width for integrating the signal) and weighting of the Integration of PDI. 
[0498] With reference to time, the multipath before one delay of the wave to be demodulated is the closest to the 
multipath of the waveform to be demodulated, and hence it is ideal to use the signal before one delay as a pilot^ignal 
as In the thirty-second embodiment However, sometimes the signal before one delay is degraded because of noise 
other than the multipath. 

[0499] For example, referring to Fig. 30, when the signal obtained by differentiating signals a2 and aS is as shown 
in (b) of Fig, 30, the multipath which is closest to the multipath of the signal shown in (b) of Fig. 30 is the multipath of 
signal a1. However, it is possible that signal a1 is degraded by noise other than multipath, for example. Here 'signal 
before one delay" refers to signal a1. Generally, it means a signal preceding by one the first coming signal (earfier 
signal) of the two signals to be differentiated. 

[0500] Therefore, in the thirty-second embodiment, mean value of a plurality of signals preceding the first one (earlier 
one) of the two signals from which a differential decoding signal (to be subjected to PDI) derives Is calculated, and 
based on the mean value, window and weighting of integration of PDI are controlled 

[0501] As a result, in the twenty-third embodiment, even if the signal before one delay is degraded because of noise 
other than multipath, such influence can be reduced, more precise PDI is realized and error rate in demodulation can 
be improved. 

[0502] In the thirty-third embodiment, a plurality of signals are multiplexed by delaying signals in one period of the 
spread code. Therefore, when the mean value of the plurality of continuous multiplexed signals is calculated, the period 
of the plurality of continuous signals is shorter in time than one period of the spread code. Therefore, even when mean 
value of a plurality of continuous signals is used, it is advantageous in that the error is smaller with respect to multipath. 
[0503] Of the plurality of signals preceding the first one (earlier one) of the two signals used for differential decoding, 
the multipath of the one closer to said signal for differential decoding has cbser multipath to the multipath of the dif- 
ferentially decoded signal. 

[0504] Therefore, when the mean value of a plurality of continuous multiplexed signals is to be calculated, the influ- 
ence of multipath and the noises other than the multipath can be made smaller by calculating weighted mean in such 
a manner that a signal closer to the signal used for differential decoding to be subjected to PDf has fieavier weight. 
Further, effects similar to the fifth to the thirty-first embodiments can be provided. o 
[0505] More specifically, multipath of the signal preceding by one delay is the closest. Therefore, heavier weight is 
provided to the one having the shorter delay, in order of one, two and three delay times, so as to calculate weighted 
mean. 

[0506] In summary, in the present embodiment, two or more signals earlier in time are used as pilot signals, and PDI 
is performed using the mean value or weighted mean of these signals. 

[0507] Fig. 32 is a schematic block diagram showing transmitter/receiver of the spread spectrum communication 
system in accordance with the thirty-forth embodiment. 

[0508] Referring to Fig. 32, the transmitter/receiver 437 of the spread spectrum communication system in accordance 
with the thirty forth embodiment of the present invention includes data generating portion 431 , transmitting/receiving 
portion 433. and multiplexing number/ delay amount delay controller 435. The transmitting/receiving portion 433 in- 
cludes the transmitter and the receiver in accordance with any of the first to thirty4hird embodiments. 
[0509] In the first to thirty-third embodiments, the number of multiplexing (the number of parallel signals to be pro- 
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vided) and the amount of delay are fixed. However, as the number of multiplexing Increases, error rate at a given 01 
N (signal to noise ratio) becomes higher, making communication difficult. 

[0510] Therefore, the present invention is adapted to allow change of the number of multiplexing and the amount of 
delay externally, in accordance with the environment (error rate, C/N, delay profile and the like) in which the transmitter/ 
5 receiver of the spread spectrum communication system is used. Referring to Fig. 32, data generating portion 431 inputs 
data to the transmitting portion, not shown, included In the transmitting/receiving portion 433. The data are delayed 
and multiplexed, and output as a transmission signal a. 

[0511] The receiver, not shown, included in the transmitting/receiving portion 433 receives a transmission signal b 
from other transmitter, demodulates the signal and outputs it as demodulated data. 
70 [0512] In accordance with the environment in which the transmitter/receiver 437 is used, multiplexing number/delay 
amount controller 435 is controlled, so that the number of multiplexing and the amount of delay in the transmitting/ 
receiving portion 433 are set. 

[0513] Generally, when a wireless system is installed or operated, size of an antenna and amplifier power are de- 
termlned by setting distance, transmission rate and the like allowing communication in advance, taking into consider- 

75 ation the environment In which the system is used. In the same manner, in the present embodiment, the number of 
multiplexing and the amount of delay are determined when the transmitter/receiver 437 is installed by considering 
necessary transmission rate and desired error rate, which determined number and amount are extemally input to the 
transmitter/receiver 437, In accordance with the Input, the multiplexing number/delay amount controller 435 sets the 
number of multiplexing and the amount of delay in the transmitting/receiving portion 433. 

20 [0514] When the required error rate differs dependent on the content of the data, for example, whether the data is 
speech or other data (the error rate is 1 0-^ for speech and 1 0^ for data), it becomes possible to variably set the number 
of multiplexing and the amount of delay dependent on the type of the data, with the multiplexing numberAJelay amount 
controller 435 receiving setting signals for setting the number of multiplexing and the amount of delay from an application 
of an external computer, for example. 

25 [0515] Further, in accordance with an external input, it is possible to Increase the amount of delay when there is 
much delay spread where the system is used, or to reduce the number of multiplexing when the distance between the 
transmitter and the receiver is large and the signal level is low. 

[0516] As described above, in the thirty-fourth embodiment, the number of multiplexing and the amount of delay can 
be set in accordance with the environment in which the system is used, in accordance with an external input (extemal 
30 signals), whereby efficiency can be improved. Efficiency means data rate of transmission, for example. 

[0517] Further, since the transmitter and the receiver in accordance with any of the first to thirty-third embodiments 
are used as the transmitting/receiving portion 433, similar effects as provided by any of the first to thirty-third embod- 
iments can be obtained. 

[0518] The transmitter/receiver of the spread spectrum communication system in accordance with the thirty^fifth 
35 embodiment includes, in the transmitter/receiver 437 of Fig. 32. means for calculating error rate from denrKxiulated 
data (error rate calculating circuits). Based on the error rate from the error rate calculating circuit, the number of mul- 
tiplexing and the amount of delay are set. 

[0519] Fig. 33 is a schemata block diagram showing a transmitter/receiver of the spread spectrum communication 
system in accordance with the thirty-fifth embodiment of the present invention. Portions corresponding to those of Fig. 
40 32 are denoted by the same reference characters and description thereof is not repeated. Mainly, characteristic portions 
will be described. 

[0520] Though not shown, transmitting/receiving portion 433 Includes an error rate calculating circuit. Based on the 
error rate from the error rate calculating circuit, multiplexing number/delay amount controller 435 sets the number of 
multiplexing and the amount of delay in transmitting/receiving portion 433. Here, the number of multiplexing and the 
■45 amount of delay are set such that the actual error rate is lower than the desired error rate. 

[0521] Fig. 34 shows details of the transmitter/receiver 437 of Fig. 33. Portions corresponding to those of Fig. 33 are 
denoted by the same reference characters and description thereof is not repeated. 

[0522] Referring to Fig. 34, the transmitter/receiver 437 includes data generating portion 431 , multiplexing number/ 
delay amount controller 435, transmitting portion 443 and receiving portion 445. Multiplexing number/delay amount 

50 controller 435 Includes a controller 439 and a processing portion 441 . 

[0523] Processing portion 441 receives Information related to error rate from the error rate calculating circuit, not 
shown, of the receiving portion 445, and determines the number of multiplexing and the amount of delay at the trans- 
mitting portion 443. Controller 439 sets the number of multiplexing and the amount of delay at the transmitting portion 
443 such that the number of multiplexing and the amount of delay at the transmitting portion 443 attain the number of 

55 multiplexing and the amount of delay determined by the processing portion 441 . 

[0524] Data generating portion 431 receives the number of multiplexing set by the controller 439. and generates 

data in accordance with the transmission capacity determined by the number of multiplexing. 

[0525] The amount of delay and the number of multiplexing at the transmitting portion 443 are set in this manner 
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Based on the number of multiplexing and the amount of delay, the data from the data generating portion 431 are 
processed and output as transmission signal a. Receiving portion 445 receives transmission signal b from other trans- 
mitter, demodulates and outputs it as demodulated data. 

[0526] Now, the relation between the error rate and the number of multiplexing and the amount of delay will be 
s described. 

[0527] When C/N = 12dB and the number of multiplexing is 5, BER (bit error rate) Is about 10-2 In order to improve 
the error rate, when the number of multiplexing is reduced from 5->4->3->2-^1, then BER is improved from 1 x 
10-2 ^ 4 X10-3 ^ 1 .5 x 10-3 -> 7 X 10-5 ^ 1 X 10-3 

[0528] Therefore, when the error rate is not good, it can be improved by reducing the number of multiplexing. I^ean- 
10 while, if the actual error rate is about 10*^ and acceptable, the transmlssbn capacity can be Increased by increasing 
the number of multiplexing. 

[0529] In this manner, in the present embodiment, the number of multiplexing and the amount of delay are set on 
real time basis, in accordance with the condition (error rate) of the present communication. As a result, in the thirty- 
five embodiment, optimal number of multiplexing and optimal amount of delay are always ensured, and efficiency can 
IS be Improved. 

[0530] In the thirty-fourth embodiment, the number of multiplexing and the amount of delay are set in advance in 
accordance with the environment for use. However, the environment for use (environment for communication) changes 
continuously, and hence it is difficult to find optimal value. 

[0531] The transmitter/receiver of the thirty-fifth embodiment includes the error rate calculating circuit in addition to 
20 the transmitter/receiver in accordance with the thirty fourth embodiment, so that similar effects as In the thirty-fourth 

embodiment can be obtained. 

[0532] Further, in the communication system in which the data to be transmitted includes error< correction codes, it 
is possible to determine the number of multiplexing and the amount of delay at the transmitting portion 443 based on 
the error rate detected at the receiving portion 445. In this case also, similar effects as described above can be obtained. 
25 [0533] Details of the transmitter/receiver of Fig. 32 are similar to those of Fig. 34. In this example, there is not an 

error rate calculating circuit. 

[0534] In the transmitter/receiver of the spread spectrum communication system in accordance with the thirty-sixth 
embodiment, in place of the error rate calculating circuit of the transmitter/receiver of Figs. 33 and 34, means for 
calculating carrier to noise ratio (C/N) from the received signal (C/N calculating circuit) and a table including the number 
30 of multiplexing and the amount of delay suitable for the C/N are provided. The transmitter/receiver of the spread spec- 
trum communication system in accordance with the present embodiment will be described with reference to Figs. 33 
and 34. 

[0535] Referring to Fig. 33. transmitting/receiving portion 433 includes a C/N calculating circuit, and the C/N calcu- 
lating circuit calculates C/N based on transmission signal b from other transmitter. Multiplexing number/delay amount ';.j7 

3S controller 435 determines the numt>er of multiplexing and the amount of delay based on the C/N from C/N calculating 
circuit, and sets the number of multiplexing and the amount of delay at the transmitting/receiving portion 433. 
[0536] The multiplexing number/delay amount controller 435 includes a table in which the number of multiplexing 
and the amount of delay suitable for the C/N are set as described above, and it determines the number of multiplexing 
and the amount of delay, referring to the table and the calculated C/N. In Fig. 34, processing portion 441 has such 

40 function. 

[0537] As described above, while the thirty-fifth embodiment determines the number of multiplexing and the amount 
of delay based on the error rate, in the present embodiment, the number of multiplexing and the amount of delay are 
determined based on C/N. 

[0538] When the C/N Is measured, the error rate at that time can be calculated from the C/N if the characteristics 
45 thereof are acquired In advance. Therefore, the number of multiplexing and the amount of delay can be controlled in 
' ^/j,?'. accordance with the actual error rate. Details are as follows. - 

[0539] Fig. 35 shows relation between the error rate (BER) and the carrier to noise ratio (C/N). 

[0540] The carves denoted by arrows A1 . A2. A3 and A4, respectively, correspond to the number of multiplexing of 

1 , 2, 3, 4 and 5. The ordinate represents the error rate (BER). and the abscissa represents the carrierto noise ratio (C^). 
so [0541] Referring to Fig. 35, if C/N is constant, the larger the number of multiplexing, the worse the error rate. If the 

error rate is constant, the larger the number of multiplexing, the larger the value C/N. 

[0542] If C/N is measured, the error rate at that time can be calculated f rom'the C/N if such characteristic as shown 
in Fig. 35 is restored in advance. Therefore, the number of multiplexing and the amount of delay can be controlled in 
accordance with the actual error rate. 
ss [0543] As described above, in the thirty-sixth embodiment, the C/N calculating circuit for calculating the C/N based 
on the received signal (transmission signal b) and the table in which the number of multiplexing and the amount of 
delay appropriate for the C/N are set are provided. Therefore, the number of the multiplexing and the amount of delay 
are controlled on real time basis, in accordance with the conditbns of present communication (C/N). As a result, in the 
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thirty-sixth embodiment, optimal number of multiplexing and optimal amount of delay can be provided in accordance 
with the environment of use, whereby efficiency and throughput can be improved. 

[0544] In the thirty-sixth embodiment, the transmitter and a receiver in accordance with any of the first to thirty-third 
embodiment are used as a transmitter/receiver. Therefore, effects similar to any of the first to thirty-third embodiment 
s are also provided. 

[0545] In the transmitter/receiver of the spread spectrum communrcatbn system in accordance with the thirty-seventh 
embodiment, means for calculating the amount of data of the delay wave based on the received signal (delay amount 
calculating circuit) is provided in stead of the error rate calculating circuit of the transmitter/receiver of Figs. 33 and 34. 
The transmitter/receiver of the present embodiment will be described with reference to the transmitter/receiver of Figs. 
10 33 and 34. 

[0546] Referring to Fig. 33, transmitting/receiving portion 433 includes a delay amount calculating circuit for calcu- 
lating the amount of delay of the delay wave (delay profile) caused by multipath or the like, upon reception of the 
transmission signal b. 

[0547] Based on the amount of delay (delay profile) from the delay amount calculating circuit, the multiplexing 
IS number/delay amount controller 435 determines the number of multiplexing and the amount of delay, and sets the 
number of multiplexing and the annount of delay in the transmltting/receiving portbn 433. The processing portion 441 
of Fig. 34 receives the amount of delay (delay profile) from the delay amount calculating circuit included in receiving 
portion 445, and detennines the number of multiplexing and the amount of delay at transmitting portion 443. The method 
for determining the number of multiplexing and the amount of delay at transmitting portion 443 based on the delay 
20 amount calculated from transmission signal b will be described in greater detail. 

[0548] Fig. 36 Is an illustration showing the method of finding the number of multiplexing and the amount of delay 
based on the amount of delay (delay profile) of the received signal. 

[0549] In Fig. 38, (a) shows correlated signals (correlation peak) when there is a multipath in the transmission path, 
and (b) and (c) show correlated signals when there are multlpaths in the transmissbn path. In Fig. 36, (a) to (c) are 
2S correlated signals obtains by using the signal based on the transmission signal (b) from other transmitter showp in Fig. 
34, correlated with the spread code used on the transmitting side by means of a correlator, not shown, included in the 
receiving portion 445. 

[0550] As shown In (b) and (c) of Fig. 36, when there are multlpaths, the correlated signals come to have delay profile 
because of a number of delay waves delayed by the multipath. Referring to Fig. 36(c), consider a multiplexed signal 
30 following the signal A. If the multiplexed signal following the signal A is the signal B, the signals A and B are overlapped, 
which may cause degradation in error rate at the time of demodulation. 

[0551] Meanwhile, if the signal following the signal A is the signal D, the signals do not overtap, and hence the error 
rate is not degraded. However, since the signal A is much apart from the signal D, the number of multiplexing is reduced. 
If the signal following the signal A is the signal C, the signals are not overlapped, and the error rate is not degraded. 
Different from the signal D. it is not much apart from the signal A, and hence the nunnber of multiplexing can be increased, 
which means that the transmission capacity is increased. 

[0552] In this manner, multiplexing number/delay amount controller 1 35 determines the number of multiplexing and 
the amount of delay based on the information (delay amount) related to the delay profile from transmitting/receiving 
portion 443, and sets the number of multiplexing and the amount of delay in the transmitting/receiving portion 433. 
40 [0553] As described above, in the thirty*seventh embodiment, the number of multiplexing and the amount of delay 
are determined based on the delay profile (delay amount) of the transmission path. Therefore the transmission capacity 
can be optimized without any degradation in error rate. 

[0554] Further, in the thirty-seventh embodiment, the transmitter and a receiver in accordance with any of the first 
to thirty-third embodiments are used. Therefore, effects similar to any of the first to thirty-third embodiments are also 

45 provided. : j 

[0555] In the thirty-eighth embodiment, the transmitter/receiver of the spread spectrum communication system in 
accordance with any of the thirty-fourth to thirty-seventh embodiments are used. In the present embodiment, the number 
of multiplexing and the amount of delay determined in accordance with the environment for use (error rate, C/N, delay 
profile and so on) are inserted to a part of the transmission data, so as to transmit the number of multiplexing and the 

so amount of delay used for the next packet frame. The transmitter/receiver of the receiving side automatically sets the 
number of multiplexing and the amount of delay of itself, using the transmitted informatbn related to the number of 
multiplexing and the amount of delay 

[0556] More specifically information related to the number of multiplexing and the amount of delay for the next packet 
is transmitted in the form of a flag on the data format, whereby the system can be adjusted with the number of multi- 
ss plexing and the amount of delay well matched with respect to the counter part station. Therefore, the number of mul- 
tiplexing and the amount of delay can be variably adjusted packet by packet, and a number of multiplexing and the 
amount of delay are optimized. 

[0557] In this manner, in the thirty-eighth embodiment, the data of the number of multiplexing and the amount of 
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delay set in accordance with the environment for use on the transmitting side are transmitted to data generating portion 
431 , the data of the multiplexing number and amount of delay are transmitted In addition to the transmission data, and 
on the receiving side, the number of multiplexing (the number of distribution signals) and the amount of delay for 
demodulation are set based on the transmitted data of the number of multiplexing and the amount of delay. 
s [0558] From the foregoing, in the thirty-eighth embodiment, the number of multiplexing and the amount of delay can 
be optimized data packet by data packet, and hence the number of multiplexing and the amount of delay can be 
optimized following the time change of the environment for use. 

[0559] Further, in the thirty-eighth embodiment, the transmitter/receiver in accordance with any of the thirty-fourth 
to thirty seventh embodiment is used as the transmitter/receiver, effects similar to these of any of the thirty-fourth to 

10 thirty-seventh embodiment can be obtained. 

[0560] In the spread spectrum communication system in accordance with the thirty-ninth embodiment, the transmit- 
ter/receiver of the thirty-eighth embodiment is used as one transmitter/receiver, and the transmitter and the receiver 
in accordance with any of the fifth to thirty-first embodiments are used as the other transmitter/receiver. 
[0561] In the thirty-eighth embodiment, the number of multiplexing and the amount of delay of the demodulating 

IS system on the receiving side are set by inserting information of the number of multiplexing and the amount of delay 
set in accordance with the environment for use into the transmission signal on the transmitting side. In the present 
embodiment, similar to the thirty-eighth embodiment, information related to the number of multiplexing and the amount 
of delay determined in accordance with the environment for use on the transmitting side is transmitted as transmission 
signal (the number of multiplexing and the amount of delay of the transmitter/receiver on the transmitting side are 

20 determined in accordance with the environment of use), and on the receiving side, the number of multiplexing and the 
amount of delay for the demodulating system (receiver) and the nrKxiulating system (transmitter) are set based on the 
transmitted informatbn related to the number of multiplexing and the amount of delay of the transmitting side. 
[0562] As described above, in the thirty-ninth embodiment, control of the number of multiplexing and the amount of 
delay has only to be performed in one of the opposing transmitter/receivers. Therefore, by using the information related 

2S to the number of multiplexing and the amount of delay..determined by one transmitter/receiver, the number of multi- 
plexing and the amount of delay of the other transmitter/receiver can be controlled. 

[0563] As a result, in the thirty>ninth embodiment, the circuitry for determining the environment for use (such as the 
error calculating circuit of the thirty-fifth embodiment, the C/N calculating circuit in accordance with the thirty-sixth 
embodiment, and the delay profile calculating circuit (delay amount calculating circuit) in accordance with the thirty- 
30 seventh embodiment) and the multiplexing number/delay amount control circuit have only to be provided In only one 
of the opposing transmitter/receiver. Therefore, the spread spectrum communication system can be reduced In size 
and cost. 

[0564] Further, since the transmitter/receiver used in the thirty-eighth embodiment is used, similar effects as in the 
thirty-eighth embodiment can be provided. v:v 
3S [0565] Further, since the transmitter and the receiver in accordance with any of the first to thirty-third embodiments 
are used for one of the transmitter/receivers, effects similar to any of the first to thirty-third embodiments can be ob- 
tained. 

[0566] Multirate method will be described. The multirate method will be described. The multirate method is one of 
the methods for data transmission used for recent multimedia applications, in which transmission rate is changed 
40 dependent on the content of communication, for example, determined on whether the content is image data or speech 
data. In the conventbnal communication system, symbol rate for communication is changed or the communication 
time length is changed to cope with the multirate method. 

[0567] For example, in the communication system employing the conventional BPSK modulation method, when the 
transmissbn rate differs between 5Mbps (bit per second) and 1 Mbps, the symbol rate also differs between 5 Msps 
4S (symbol per second) and 1 Msps, which means that the transmissbn band:width changes to five times. This requires 
change in the frequency channel. Accordingly, the channel width and the number of channels must be controlled in 
accordance with the situation of use. which control is difficult. The transmitter of the spread spectrum communication 
system in accordance with any of the present embodiment is to solve such problem. 

[0568] Fig. 37 is a schematb block diagram showing the transmitter of the spread spectrum communication system 
so in accordance with the fortieth embodiment. 

[0569] Referring to Fig. 37. the transmitter of the spread spectrum communication system in accordance with the 
fortieth embodiment includes a multirate data generating portion 451 . multiplexing number/delay amount determining 
circuit 453 and transmitting portion 455. 

[0570] As the transmitting portion 455, the transmitter of spread spectrum communicatk>n system in accordance with 
ss any of the first to fourth and twenty-ninth embodiments is used 

[0571] Multirate data generating portion 451 changes the data rate dependent on the content of the information to 
be transmitted (for example, voice, image) and generates data. Multiplexing number/delay amount determining circuit 
453 determines the number of multiplexing and the amount of delay such that the symbol rate becomes constant 
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regardless of the data rate, based on the information from multirate data generating portion 451 , and sets the number 
of multiplexing and the amount of delay at the transmitting portion 455. 

[0572] For example, if the data rate is 3 Mbps, the number of multiplexing Is set to 3 and If the data rate is 5 Mbps. 
the number of multiplexing is set to 5, whereby the symbol rate is constantly set to 1 Msps, which means that commu- 
s nication Is possible while maintaining the same band width. 

[0573] Further, the amount of delay is also adjusted In accordance with the number of multiplexing, that Is, If the 
number of multiplexing is 3, the amount of delay is increased, while if the number of muttiplexing is 5, the amount of 
delay is nnade smaller. 

[0574] Here, the symbol rate represents the rate after serial/parallel conversion (S/P conversion). Referring to Figs. 
10 1 , 4. 5, 6 and 26, symbol rate Is the rate after serial/parallel conversion by S/P conversion portion 5. When 1/4 conversion 
is performed (for example, when the serial signal from differential coding portion 3 is converted to four parallel signals 
PI to P4 by S/P conversion portion 5 of Fig. 1 ; multiplexing number is four) with the bit rate of 4 Mbps, the symbol rate 
is 1 Msps. 

[0575] As described above, in the fortieth embodiment, the number of multiplexing and the amount of delay are 
IS determined such that the symbol rate becomes constant. Therefore, communication is possible while maintaining the 
same band width, control of the frequency channel becomes unnecessary, and multirate method can be readily imple- 
mented. 

[0576] More specifically, same circuitry can be used regardless of the data rate except for the circuitry related to 
multiplexing, so that multirate method can be Implemented with minimum change in design (that is, provision of mul> 
20 tipiexing number/delay amount determining circuit 453). 

[0577] Further, in the fortieth embodiment, the transmitter of the spread spectrum communication system in accord- 
ance with the first to fourth embodiments is used, therefore, effects provided by the transmitter in accordance with any 
of the first to fourth emkxxJIment can be obtained. 

[0578] Now, when path diversity such as PDI or RAKE Is used, the performance is determined dependent on what 

2S delay waves are provided by the communication environment used and on how much the delay waves are gathered 
(integratbn or addition). Generally, the period for integration is determined based on the experimental data of the past, 
as already described. However, generally, the environment for use changes with time. Therefore, spread of the delay 
wave changes time to time. Therefore, it is difficult to constantly keep the optimal period of integration and hence It is 
degraded in the actual system as compared with the theoretical optimal value. 

30 [0579] Fig. 38 shows correlated output waveforms of the conventional system. Conventionally, the amount of delay 
is considerably large in some environments for use, and sometimes the data component of the preceding signal is 
overlapped with the next data signal, degrading the performance. In view of the foregoing, when the communication 

^ system is designed, it Is necessary to set the time period between the symbols sufficiently larger than the amount of 
delay, by appropriately determining the data symbol speed. In this case also, determination is based on the experimental 

ss data of the past. However, the amount of delay is not constant as already described. Hence, sometimes the signal of 
the preceding symbol is overiapped as shown in Fig. 38(b), degrading performance. 

[0580] In view of the foregoing, an embodiment in which setting of pulse diversity is appropriately determined in 
accordance with the condition at that time allowing Improvement in performance such as error rate will be described. 
[0581] Fig. 39 is a schematic block diagram showing the forty-first embodiment of the present invention. Fig. 39 

40 shows a portion corresponding to correlator 115, differentiating portion 1 25 and PDI portion 421 shown in Fig. 28. The 
signal Input from an input portbn is correlated with the PN code at correlating portion 531, and output as a correlated 
signal. The con'elated signal is applied to correlation timing detecting portion 32, and correlation timing detecting portion 
532 generates a correlation timing signal for demodulation and applies it to delay profile calculating portion 533. Delay 
profile calculating portion 533 calculates the condition of the delay signal (profile), using the correlation timing signal 

45 and a signal from a known data detecting piortlon 533, which will be described later, as references. The correlated 
signal from correlating portion 531 is also applied to^dertiodu latin g portion 540. 

[0582] Demodulating portion 540 Includes differentiating portion 541 , delay portion 542, PDI portion 543. PDI control 
portion 544 and data demodulating portion 545. The correlation timing signal is applied to PDI portion 543, and the 
delay profile calculating signal from delay profile calculating portbn 533 Is applied to PDI control portion 544. PDI 
so portbn 543 receives the signal from delay profile calculating potion 533 and controls the time of Integration of the PDI* 
by the PDI control portion 544 in order to optimize control of the PDI portion 543. 

[0583] Fig. 40 is a timing chart showing the operation of the forty-first embodiment of the present invention. The 
operation of Fig. 39 will be described with reference to Fig. 40. The correlated output from correlator 531 Is as shown 
In (a) of Fig. 40, which is the delay profile to be applied to delay profile calculating portion 533. However, in this state, 
SB whether the data is positive or negative Is not known. Therefore, the resulting delay profile has positive and negative 
portions. Delay profile calculating portion 433 determines timing of the con'elated output based on the correlation timing 
signal such as shown In Fig. 40(b) applied from correlation timing detecting portion 532, and with this timing and the 
signal from the known data detecting portbn 534, It detennines whether the data is 1 or -1 as shown in (c) of Fig. 40. 
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Then, delay profile not having the distinction of positive/negative such as shown (d) of Fig. 40 is calculated. This can 
be realized only when whether the data Is positive or negative is known. 

[0584] In the above described forty-first embodiment, it becomes possible to calculate the delay profile, as known 
data delecting portion 534 is provided. Specific example will be described in detail in the foltowing. Of the data, known 
5 data portion is as shown in Fig. 40(e). The portion (e) of Fig. 40 has lime span on the abscissa different from that of 
portions (a) to (d) of Fig. 40. 

[0585] In general communication, data is often in the form of packet or in a frame configuration. Therefore, there is 
known data portion such as a preamble portion in each frame. In this case, known data detecting portion 534 detects 
the signal at the known data portion, in accordance with the signal demodulated at data demodulating portion 545, At 
10 this time, assume that the length of the known data portion is 1 00 bits. If the operation of the correlation timing detecting 
portion 532 and demodulating portion 540 attains to the steady state in the first portion, for example, of ten and several 
bits of the Known data portion, then the next coming signals in the remaining several tens of bits are all known on the 
receiving side. As a result, it becomes possible to transmit the values of data to be received next, to the delay profile 
calculating portion 533. 

IS [0586] Fig. 41 is a b\ock diagram showing an example of delay profile calculating portion 533 shown in Fig. 39. Fig. 
41 shows an example in which correlating operatbn is performed in digital manner. The correlated output signal from 
correlating portion 531 shown in Fig. 39 Is applied to shift portion 551 and shifted sample by sample. The output is 
latched by latch portion 552 in accordance with the correlation timing signal. Thereafter, the known data for determining 
whether the correlated output is positive or negative mentioned above is received from known data detecting portion 

20 534. and data without the distinction of positive/negative is calculated at the calculating portion 553. This results in the 
delay profile without negative/positive distinction described with reference to Fig. 40(d). In general communteatton 
path, there Is signal components other than delay because of noise or the like. Therefore, to reduce such components, 
additbn and averaging are performed at adding and averaging portion 554. Though noises are not related sample by 
sample, the delay profile is correlated. Therefore, influence of noise or the like can be reduced by addition and aver- 

2S aging. Delay profile is transmitted thereafter by shift portion 555. 

[0587] Fig. 42 is a block diagram showing an example of PDI control portion shown in Fig. 39. Referring to Fig. 42. 
the input delay profile is compared with a comparison reference value at comparator 556. If It is larger than the com- 
parison reference value, It Is determined to be a valid region of the delay profile. If the comparison reference value Is 
made larger, only the signals of high level will be added. If the value is made lower, most of the delay signals will be 

3i> added. The comparison reference value is set in accordance with the condition based on experiments, past data and 
so on. It may be determined uniquely in accordance with the location of the communication system, or it may be 
changed by the control of higher layer such as computer application actually utilizing the communication. 
[0588] In this manner, timing generator 557 transmits the timing signal of the period for integration to PDI portion 
543 so that the period for Integration determined to be valid Is used for PDI. At this time, signal which exceeded the 

3S comparison reference value may be used as It is, or it may be transmitted after it is hekJ, or precision may be improved 
by repeating integration several times. 

[0589] As described above, in the forty-first embodiment of the present invention, as known data detecting portion 
534 is provided, delay profile without positiveAiegative distinction can be calculated based on the known data portion, 
which known data portion is detected by the known data detecting portion 534 without the necessity of demodulating 

40 data of the demodulation timings, whereby path diversity such as PDI can be perfonmed In the optimal perkxJ of Inte- 
gration at that time period. As compared with the convention example in which PDI is performed with the period of 
integration fixed, in the present embodiment, optimal delay profile at that time point can be used for demodulation, and 
hence error rate can be improved. Generally, the time of one frame is several mill seconds. Therefore, it is considered 
that there Is hardly a fluctuation In propagation path In the* same frame. Therefore, almost optimal control becomes 

45 possible by this embodiment. 

[0590] In the above described embodiment, differential demodulation and PDI has been described. However, the 
present invention Is also applicable to other modulation methods and provides similar effects. Further, it Is generally 
applicable to the method using path diversity in which performance depends on the delay profile. For example, It Is 
applicable to the method such as RAKE. Though delay profile calculating portion 533 and PDI control portion 544 are 

so used in the example of Fig. 39, means for calculating delay profile and control means other than these may be used. 
[0591] Fig. 43 shows the forty-second embodiment of the present invention. In the example shown In Fig. 43, PDI 
control portion 544 of Fig. 39 Is omitted, and a multlpath canceler 546 Is newly provided between correlating portion 
531 and differentiating portion 541 . Multlpath canceler 546 removes multlpath component from correlated output signal, 
and Inputs the correlated output signal with the multlpath component removed to the differentiating portion 541 of 

ss demodulating portion 540. 

[0592] Fig. 44 is a timing chart showing the operation of the embodiment shown in Fig. 43. The operation will be 
described with reference to Fig. 44. The correlated output is as shown in (a) of Fig. 44. The correlated output Is as 
shown in Fig. 44(a). in which the solid line represents the actual signal, while the dotted lines correspond to the over- 
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lapping portions of the data signals. As can be seen, the correlated output is a superposition. In this case, different 
from the forty-first embodiment, the preceding data signal Is overlapped with the following signal, resulting in degraded 
performance. Therefore, in the forty-second embodiment, the delay component Is subtracted by using the correlated 
output before data demodulation, to improve performance. First, multipath canceler 546 knows the timing of the cor- 

5 related output as shown in (b) of Fig. 44 from the correlation timing signal, fvleanwhile, In the similar nnanner as the 
forty-first embodiment, delay profile calculating portion 533 calculates the delay profile as shown In (c) of Fig. 44. 
whereby calculates the signals where overlapping should be avoided, as shown in (d) of Fig. 44. By using this infor- 
mation, the component corresponding to the delay profile is cancelled in accordance with the value of the preceding 
demodulated data. As a result, the correlated signal comes to have the inherent signal component of itself as shown 

10 in (e) of Fig. 44, whereby degradation caused by the delay component of the preceding signal can be avoided. 

[0593] Conventionally, In order to avoid such overlapping, the data rate has been determined based on delay profiles 
of large amount of data obtained experimentally. However, since the condition for use changes frequently, sometimes 
overlapping occurs inevitably, causing degradation of performance, or the data rate is made lower than necessary 
taking too large a margin, resulting in inefficiency of communication. However, the forty-second embodiment of the 

IS present invention enables highly efficient communication without error. 

[0594] Perfonmance can further be improved when the forty-second embodiment is combined with the forty-first 
embodiment. 

[0595] Fig. 45 is a block diagram showing the forty-third embodiment of the present invention. In this embodiment, 
demodulating portions of proposed scheme 547 and multiplexing number/delay amount determining portion 548 are 

20 provided in place of the data demodulating portion 540 shown in Fig. 39. The delay profile signal calculated in delay 
profile calculating portkxi 533 is applied to multiplexing number/delay amount determining circuit 548, and the nunnber 
of multiplexing and the amount of delay are determined in accordance with the delay profile. The output from correlating 
portion 531 is applied to demodulating portion 547 of the proposed scheme, and in accordance with the output from 
the multiplexing number/delay arrwunt determining circuit 548, the number of multiplexing and the amount of delay are 

2S determined. In this case, since it is transmission/reception system for communication, modulating portion 549 of \fx0 
proposed scheme is provided on the transmitting side, and the number of multiplexing and the amount of delay of the 
modulating portion 549 are detenmined in accordance with the output from the multiplexing number/detay amount 
detennlnlng circuit 548. 

[0596] Fig. 46 is a block diagram showing the structure of the demodulating portion employing the multiplexing and 
30 delaying method shown in Fig. 45. Referring to Ffg. 46. the demodulating portion 547 includes a distributor 561, latch 
portions 562. 563. a latch controller 564, a differentiating portion 565, and a determining portion 566. The correlated 
output from correlating portion 531 shown in Fig. 45 is applied to distributer 561, and the number of multiplexing and 
the amount of delay are applied from multiplexing number/delay amount determining circuit 548 to latch controlled 564. 
Distributer 561 distributes the correlated signal from correlating portion 531 into two and generates distribution signals. 
ss One of tha distributbn signals from distributor 561 is applied to latch portion 562. and the other is applied to latch 
portion 563. Latch portion 562 latches one of the distribution signals from distributor 561 by the latch control signal 
from latch controller 564, and latch portion 563 latches the other one of the distributbn signals from the distributor 561 
by the latch control signal from latch controller 564. 

[0597] More specifically, the correlated signal from correlator 531 includes four signals of different correlation muiti- 

40 plexed in time. Therefore, by latching at latch portbns 562 and 563 at the delay tmning of the multiplexed signals using 
the latch control signal from latch controller 564, a signal preceding by one delay time can be acquired. Based on the 
latched signals at latch portions 562 and 563, differential decoding is performed at differentiating portion 565, and 
demodulation is performed. The differentially decoded signals are output as data through determining portion 566. 
[0598] Fig. 47 is a timing chart showing the operation of the modulating portion of the proposed scheme shown in 

45 Fig. 46. Let us consider the operation with the number of multiplexing varied from one to five. In latch portions 562 and 
563, when the number of multiplexing iiis^ti the signals are latched at timings A and B shown in (a) of Fig. 47, and 
demodulation is performed at differentiating portion 565 based on the differentiated output. When the number of mul- 
tiplexing Is 2, the signals are latched at the timings C and D of (b) of Fig. 47 for differentiation, and differentiation 
between D and E is performed at the timing of D. As can be seen from Fig. 47, when the number of multiplexing Is 1. 

so the time difference between two conrelated output is t^. when the number Is two, the time difference is t2. when the 
number is 3, the time difference is t3 as shown in (c), when the number is four, the time difference is t4 as shown In 
(d), and when the number is five, the time difference is tg as shown in (e). Namely, time interval becomes shorter. 
[0599] Therefore, if the calculated delay profile is large, the time difference t must be enlarged. For example, if the 
delay spread of the signal is t^ from the delay profile, optical transmissk>n becomes possible when the relation t|( < tp 

ss <t^^^\s satisfied. In this manner, multiplication number/delay amount determining circuit determines the number of 
multiplexing and the amount of delay. 

[0600] In the conventional method of delay and multiplexing, setting of the number of multiplication and the amount 
of delay are determined uniquely by preliminary set location or detenmined Indirectly from the error rate. However, 



34 



BP 1 058 399 A2 



according to the forty-third embodiment, it becomes possible to set optimal number of multiplexing and amount of 
delay. Therefore, degradation of performance caused by too much multiplexing or degradation in throughput caused 
by too small the number of multiplication with too large the margin can be prevented. 

[0601] Fig. 48 is a block diagram showing the forty-fourth embodiment of the present invention. In the embodiment 

S shown in Fig. 39, the delay profile was calculated by adding known signal (1 or -1) to the measured data by delay 
profile calculating portion 534. In the forty-fourth embodiment, precision of the result of calculation is enhanced. 
[0602] More specifically, the correlated output signal output from the correlating portbn 351 shown in Fig. 39 is 
applied to data comparing portion 651 . Meanwhile, storing portion 652 stores values of EVEN and ODD auto-correlation 
in advance In the form of replica. Further, known data timing signal output from known data detecting portion 534 shown 

10 In Fig. 39 is applied to calculation control portion 653, and calculation control portion 653 applies the know data timing 
signal to data comparing portion 651 and storing portion or memory portion 652. Storing portion 652 applies, based 
on the known data timing signal, the correlated output replica of the known data portton to data comparing portk>n 651 . 
Based on the known data timing signal, data comparing portion 51 compares the correlated output with the correlated 
output replica of the known data portbn applied from storing portion 652, outputs a delay profile and applies it to delay 

IS profile calculating portion 533 shown in Fig. 39. 

[0803] Fig. 49 shows the operation of the embodiment shown In Fig. 46. The operation of the embodiment shown In 
Fig. 48 will be described with reference to Fig. 49. An ideal spread code attains the maximum output when the con-elation 
matches, as shown In Fig. 49(a). and in other periods, it assumes 0. However, actual spread code is not Ideal. Therefore, 
though it attains the maximum output when correlation matches, it assumes several values because of auto-correlatbn 

20 of every signal in other periods. These values differ dependent on whether the data Is (1 . 1 ), (1 . -1 ), (-1.1) or (-1 , -1 ), 
which are referred to as EVEN (continuation of the same*data) and ODD (continuation of different data), as shown in 
Fig. 49(b). The auto-correlatbn value is uniquely determined by the spread code. Therefore, only the inherent delay 
component can be calculated if the data is stored in advance in the form of replica. 

[0604] In the method of calculating the delay profile described above, the delay profile is obtained such as shown In 
2S Fig. 40(d). However, in this method of calculating the delay profile, the values of EVEN and ODD auto-correlations are 
not considered. Therefore, the resulting delay profile still contains this component. If we represent the Inherent delay 
profile by f(t) and the output component of autOH3orrelatk)n taking into account the delay by g(t), what is obtained by 
the method of calculating the delay profile described above is f(t) + g(t). 

[0605] Therefore, in the present embodiment, the EVEN and ODD auto-correlation values are stored in advance in 
30 storing portion 652 in the fonm of replica to calculate the g(t) component, whereby only the Inherent delay profile f(t) 
can be obtained by subtracting g(t) from f(t) + g(t). In this manner, in the present embodiment, delay profile free of 
degradation caused by auto-correlation can be obtained, and hence system performance can be improved. 
[0606] Fig. 50 is a block diagram showing the forty-fifth embodiment of the present invention. The delay profile cal- 
culating portion 660 shown In Fig. 50 calculates and uses a new delay profile fromahe calculated delay profile, and it 
3S includes delay profile calculating portion 533, delay spread calculating portion 662 and data calculating portion 663. 
[0607] Fig. 51 is a flow chart showing the operation of delay profile calculating portion 530 shown in Fig. 50. Referring 
to Figs. 50 and 51 , delay profile calculating portion 33 calculates the delay profile, delay spread calculating portion 662 
finds mean value of the delay time, and calculates spread based on the actually measured value and mean value. This 
is the same as general cateulation of spread Data calculating portion 663 calculates a new delay profile using the 
^ result. The new delay profile is an exponential curve such as shown in Fig. 51. which is different from the actually 
measured value to a certain extent. However, sometimes it is preferable to use this profile, when the actual value 
fluctuates, for example. 

[0608] The new delay profile may be calculated by providing a memory table consisting of an ROM, for example, 
instead of data calculating portion 663. In that case, ROM implementation becomes more simple if exponential oper- 
as ations are done in advance and the results are stored in the form of a table. Alternatively, the delay time and a power 
(normalized value) at that time may be used as inputs tothe:BQM. In that case, though the number of tables is Increased, 
operations of mean value and spreads can be omitted. 

[0609] For calculating a new delay profile, equation such as follows may be used, where o represents delay spread. 

so 

P(x) = (I/O) exp (-X/0) 

[0610] In the forty-first and forty-third embodiments above, it is assumed that the delay profiled does not change in 
one frame. However, It is possible that the delay profile changes In one frame in a special environment, for example 
ss when extremely high operation Is being done or when there are a number of objects which operate at high speed. 
However, in that case also, the environment for use itself Is not much changed. Accordingly, general delay spread is 
approximately constant, and the maximum delay spread Is also approximately constant. From this point of view, some- 
times It Is preferable to use not the catoulated data itself but the data re-cak:ulated. The forty-fifth embodiment realizes 
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this option. 

[061 1] In the above described forty-fourth embodiment, a method of calculating exact delay profile by using a replica 
has been described, in wireless communication link, there is the influence of not only delayed wave but also the influ- 
ence of white noise when C/N is not satisfactory. Therefore, the signal derived from auto-correlation, correlated outputs 
5 derived from delay waves and correlated output derived from white noise are superposed in the correlated output. 
Though the auto-correlation component is removed in accordance with the forty-fourth embodiment described above, 
white noise component is left, which affects calculation In delay profile. 

[0612] Therefore, a forty-sixth embodiment for reducing the influence of white noise will be described. 

[061 3] Fig. 52 is a block diagram showing the forty-sixth embodiment. In the embodiment shown in Fig. 52, integrating 

10 portion 654 is provided at the output of data comparing portion 651 shown in Fig. 48. Integration by integrating portion 
654 is performed at the same timing of each code, the delay profile is correlated at the same timing while the white 
noise has no correlation with respect to time. Therefore, by integration at integrating portion 654, the ratb of delay 
profile with respect to white noise becomes larger, and as a result, influence of white noise can be reduced 
[0614] Fig. 53 Is a schematic block diagram showing a forty-seventh embodiments. In the embodiment shown in Fig. 

IS 52, integration Is performed at the same timing by integrating portion 654 in order to reduce the influence of white 
noise. However, in the embodiment shown in Fig. 54, reductk^n of the influence is realized not by integration but by 
filter portion 55 for filtering at the same timing. Integrating operatbn is equivalent to the operation of a first order filter. 
However, by using second and third filters, for example, the perfomnance can be enhanced as compared with integration 
which corresponds to the filtering operation of the first order, though the process becomes complicated. 

20 [0615] Fig. 54 Is a block diagram showing a forty-eighth embodiment in which a structure of a multipath canceler is 
shown. The delay profile and demodulated data are applied to delay profile cateulating circuit 673. Delay profile cal- • 
culating circuit 673 applies timing of the signal to be cancelled to subtracting portion 671 , using correlation timing signal 
from the delay profile. From the delay profile and the data signal preceding the data to be demodulated, delay profile 
calculating circuit 673 calculates the delay profile which corresponds to an interference signal superposed on the data 

2S to be demodulated. Subtracting portion 671 subtracts only that signal which corresponds to the portion overlapping 
the next data from the correlated output and thereby cancels muKipath, using a subtracting timing control signal based 
on the correlation timing signal output from subtractk^n timing control circuit 672. 

[061 6] In a conventional canceler, a method has been used in which a replica of a transmission signal is formed from 
a demodulated signal, and it is subtracted from the signal before correlation. The forty-eighth embodiment can be 
30 implemented by a circuit which is more simple than the conventional method. This Is because the delay profile Is known 
in advance in accordance with the forty-second embodiment, and hence maximum effect can be obtained by combining 
these embodiments. 

[0617] Fig. 55 is a block diagram showing a forty-ninth embodiment of the present invention. In the forty-eighth 
embodiment above, the multipath -domponent of the portion overlapping the data is completely subtracted from the 

35 signal obtained by the delay profile. In the forty-ninth embodiment shown in ftg. 55, reference amount storing portion 
674 is provided, and a reference for detemnlnatlon whether subtraction is to be carried out or not is stored in the 
reference amount storing portion 674. If this reference for determination is exceeded, the multipath component is 
subtracted. As the reference for canceling is provided in this manner, multipath signal which is small relative to the 
signal component is not subtracted. Though not subtracted, the multipath component which is small relative to the 

40 signal component does not much affect the demodulation characteristic. Therefore, there is an advantage that the 
power consumption is reduced and a circuit can be made compact by reducing processors of such small component. 
[0618] Fig. 56 is a block diagram showing a fiftieth embodiment of the present invention. In the embodiment shown 
in Fig. 48, the number of multiplexing and the amount of delay has been selected such that the delay wave caused by 
multipath does not overlap the next data in accordance with the delay profile. However, in actual communication, the 

45' > necessary error rate differs dependent on the content of the data to be transmitted. For example, error rate of BER = 

10'^ i6^r|Mie*§sary when voice is to be transmitted, and error rate of BER = 10-^ is necessary for transmitting data.vl^^ixi;;^*^.^ 
other words, there are various error rates suitable for respective contents. Sometimes higher data transmission rate 
is desired more than unnecessarily superior error rate. 

[0619] Therefore, In the embodiment shown In Fig. 56, an amount of Interference storing portion 682 stores in ad- 
so vance the relation between white noise and the amount of interference (C/l) corresponding to the error rate required 
of the communication link. A comparing circuit 681 compares the delay profile and the amount of interference stored 
in the amount of interference storing portion 682. Based on the comparison output, the number of multiplexing and the 
amount of delay are determined based on the necessary error rate and the amount of interference overiapped on the 
data portion when multiplexing«delay are performed, by multiplexing number • delay amount determining circuit 548. 
[0620] For example, if C/l of at least 10 dB Is necessary for voice transmlssbn, corresponding amount of delay Is 
calculated in accordance with the delay profile, and the number of multiplexing»delay amount are determined. If C/l of 
at least 15 dB is necessary for data, corresponding amount of delay is calculated in accordance with the delay profile, 
and the number of multiplexlng«delay amount are determined. At this time, the number of multiplexing of the former 
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example is larger naturally. In this manner, the number of multiplexing-delay amount optimal for the communication 
link can be determined in the present embodiment. Therefore, efficiency can be improved and throughput can be 
increased. 

[0621] Fig. 57 shows a fifty-first embodiment of the present invention. In this embodiment, multiplexing is not per- 
5 formed at portions where information data is not included of the preamble portion in the data format, and only the 
portion containing information data are multiplexed. When the delay profile is to be calculated, it has been calculated 
based on the correlated output, or by using known data portbn in the example of Fig. 51 . 

[0622] However, when multiplexing is performed, delay waves are overlapped because of multiplexing when delay 
profile is to be calculated. Therefore, the larger the number of multiplexing, the more complicated becomes calculatbn. 
10 Therefore, in the fifty-first embodiment, a period which is not overlapped is used for calculating the delay profile, and 
actually necessary data portions are multiplexed. When not multiplexed, the time between the data becomes k times 
(k is the number of multiplexing) that of the time when multiplexed. Therefore, overlapping of several delays caused 
by multipath can be avoided. Therefore, delay profile can be easily calculated. 

[0623] Though the number of multiplexing and amount of delay are determined from portions not multiplexed in the 
IS above embodiment, the data of the number of multiplexing and the amount of data may be incorporated in this non- 
multiplexed portion as data. The number of multiplexing^mount of delay are determined based on the delay profile. 
By incorporating the data in said non-multiplexed portion as data, it becomes possible that the receiving side receives 
the non-multiplexed portion to adjust the number of multiplexing and the amount of delay on the receiver side based 
on the result, in such a case, the number of multiplexing can be detenmined by the received result at that time without 
20 the necessity of determining the number of multiplexing both on the transmitting and receiving sides. Therefore, even 
if the number of multiplexing is varied as the data amount increases, demodulation can be performed without any 
problem. As a result, In accordance with variation in that propagatbn path, the number of multiplexing • amount of 
delay can be determined on real time basis, and the throughput can be improved. 

[0624] In the system for communication with the number of multiplexing • amount of delay varied, the circuitry such 

zs as described above is necessary to determine settings. In bidirectional communication, such circuitry rr^j^ be provided 
only on one side, and as a result, the circuit can be simplified For example, if communication is carried out between 
a main station and a sub station, for example, means for detecting the number of multiplexing • delay amount should 
be provided only on the main station. Generally, several sub statbns are connected to one main station. Therefore, 
the circuitry as a whole system can be significantly reduced. 

30 [0625] An embodiment in which carrier offset is compensated will be described. 

[0626] Fig. 58 is a block diagram of a receiver in accordance with a fifty-second embodiment of the present invention. 
Fig. 59 is a graph showing relation between information bits, spread codes and the period of detecting correlation peak 
on the receiver In this embodiment, as in the prior art example, modulation is performed with the first order modulation 
being DBPSK and the number of chips of the spread code for the second order modulation being 11 chips. 

35 [0627] First, referring to Fig. 59, data sequence on the modulating skie and the period of detection of correlation 
peak on the receiver in the spread spectrum communication system using delay multiplexing will be described. In this 
case, since delay multiplexing is employed, error rate characteristic is degraded as compared with when multiplexing 
is not performed. However, this example is advantageous in that twice the amount of infonmation can be transmitted 
by using the same frequency band. First, the bit sequence to be transmitted Is serial/parallel converted and differentially 

40 coded, which are allotted to bit sequences 1,2,... shown by (a) and (b) of Fig. 59. These are spread by the code of 
11 chips, the results of which are as shown by (c) and (d) of Fig. 59. In other words, data is transmitted in the form of 
difference of phase represented by the continuous spread spectrum signals. When demodulated on the receiver side, 
correlation peaks are output In order, such as 5 chips. 6 chips. 5 chips, 6 chips as shown in Fig. 59(e), and by detecting 
the phase difference (differential demodulation), transmitted data can be demodulated. 

45 [0628] RefetT fhg to Fig. 58, the spread spectrum signal is received at antenna 701 , and the signal is input to RF/IF 
converting portion 702 tdb'ersubjected to frequency conversion. The signal of which frequency is converted at RF/IF 
converting portion 702 is divided into two systems and supplied to first and second mixers 703 and 704. These are 
subjected to quadrature demodulation by using a local frequency signal from oscillator 705 and a local signal from a 
90* phase shifter 706 which converts the phase of said signal by 90*. Thereafter, respective signals are converted to 

so digital signals at first and second analog/digital converting portions (A/D converting portbns) 707, 708, and correlation 
peaks are detected by first and second correlators 709 and 710, respectively In this embodiment, correlation peaks 
are reflected in the repetition of 5 chips and 6 chips. The output from correlators 709 and 710 are transmitted to 
correlation peak period detecting portion 720, where correlation peak period is detected. Data demodulated at differ- 
ential demodulating portion 71 1 is passed to phase difference extracting portbn 71 0, and In accordance with a selection 

ss signal from con-elation peak period detecting portion 720. phase difference data in accordance with the con-elation of 
5 chip period is transmitted to phase difference estimating portion 722, and phase difference data in accordance with 
correlation of 6 chip period is transmitted to phase difference estimating portbn 723. by means of a switch 21 . Phase 
differences are estimated at phase difference estinnating portions 722 and 723. 
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[0629] Meanwhile, the data demodulated at differential demodulating portion 711 is rotated at demodulation daia 
rotating portion 714. The data demodulated with the correlation of 5 chip period is rotated by the data from phase 
difference estimating portion 722, while the data denrKxJulated with the correlation of 6 chips period Is rotated by the 
data from phase difference estimating porion 723. Which phase difference data Is to be used Is determined by switch 
724. Switch 724 is controlled by the selection signal from correlation peak period detecting portion 720, as is switch 721 . 
[0630] For describing the above operation using equations, assume that, in the order of reception, the odd numbered 
reception signals are the data having the correlation of 5 chips period, and the even numbered signals are data having 
the correlation of 6 chips period. Assume that phase difference estimating portion 722 or 723 calculates mean value 
of past N samples. Then, the output from phase difference estimating portion 712 will be represented by the following 
equation, when demodulation Is to be performed using the (2t-1 )th reception data at a certain time point. 



[0631] Phase compensation Is provided at demodulation data rotated portion 714. Similarly, demodulation of the 2t- 
th reception data is to be performed, the output at the phase difference estimating portion will be represented by the 
following equation, and phase compensation is provided at demodulation data rotating portion 714 similarly. 



^ [0632] Data is determined at demodulating portion 715. 
[0633] Compensation of data will be described with reference to phase space diagram of Figs. BOA to 60b. Fig. BOA 
shows phase after differential demodulation when there is not a frequency offset between transmitter/receiver. Two 
points are demodulated with the phase difference of 180^ on I axis. When there is a.frequency offset between trans- 
mitter/receiver, the phase will be rotated after demodulation. However, at the phase difference estimating portbn 722 
of the present invention, phase rotation shown in Fig. 60C is detected with respect to the data having the correlation 
inten^al of 5 chips. Phase difference estimating portion 723 detects phase rotation of shown In Fig. BOD for the data 
having the correlation Interval of 6 chips. Therefore, phase compensation in accordance with the number of chips will 
be realized. 

[0634] When the number of multiplexing Is 2, It is notTtecessary to prepare a special circuit at correlation peak period 
detecting portion 720. What is necessary Is to repeat the following operation, for example. When correlation peak is 
detected and the data at that time is transmitted to phase difference estimating portion 722 through switch 721 , the 
demodulated data is phase compensated by using switch 24 so that infonmatlon of phase difference estimating 
portion 722 is used, the next data is transmitted to phase different estimating portion 723, and demodulated data is 
subjected to phase compensation by using Information <|>|, of phase difference estimating portion 723. Briefly, what Is 
necessary is to alternately switch the switches 721 and 724 every time the correliation peak is detected. 



Formula 4 
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[0635] When the number of multiplexing is increased and there are multiplexing of different delay amounts, phase 
error estimating portions corresponding to that number should be provided. For example, let us consider a system in 
which the number of multiplexing is 6, including three waves having the delay of a chips, two waves having the delay 
of b chips and one wave having the delay of c chips, and these are multiplexed and transmitted in the order of a, a. a, 

5 b, b, and c. What is necessary is to provide three phase difference estimating portions on the receiving side, providing 
a system in which the delay waves of a chips, the delay waves of b chips and the delay waves of c chips are allotted 
utilizing the correlatbn peak period detecting circuit so that the delay waves of a chips are compensated for in phase 
error estimating portion a, the waves of b chips are compensated for by phase difference estimating portion b and the 
delay waves of c chips are compensated for by the phase difference estimating portion c. The correlation peak detecting 

10 circuit can be readily implemented. For example, a counter is prepared and correlation peaks are counted. If the output 
is from 0 to 2. the demodulation data are passed to phase difference estimating portion a, and the phase of the de- 
modulated data is rotated by using the phase rotating information from phase difference estimating portton a. If the 
counted number is 3 or 4. the demodulated data is passed to phase difference estimating portion b. and if the count 
number is 5, the demodulated data is passed to phase difference estimating portion c, so that the phases are rotated 

IS by using the informatbn and respectively. If the counter output reaches 5, the counter is reset. 

[0636] If the order of the correlation period is not known in advance on the receiver side, it is possible to provide 
switch control data by counting chip clock between correlation peaks. 

[0637] A fifty-third embodiment of the present invention will be described with reference to Fig. 61 . It is assumed that 
similar modulation as in the fifty-second embodiment is performed on the modulating side. 

20 [0638] Fig. 61 is a block diagram showing the fifty-third embodiment of the present invention. From antenna 701 to 
demodulating portbn 71 5, portions denoted by the same reference characters as Fig. 58 operate in the similar manner 
as those shown in Fig. 58. Phase difference estimating portion 713 calculates mean value of phase difference of the 
delay waves having the delay amount of 5 chips and the delay waves having the delay amount of 6 chips. In the fifty- 
second embodiment, the phase rotatbn in accordance with the phase frequency offset between the transmission/ 

2s reception has been detected by separately treating delay of 5 chips and 6 chips. However, In the present embodiment, 
one phase difference estimating portion 71 3 is provided, and hence phase difference corresponding to the mean value 
of 5 chips and 6 chips, that is, 5.5 chips is detected. Therefore, as phase error coefficient operating portion 730 to 
which the data from phase difference estimating portion 713 is supplied, phase difference is multiplied by 10/11 when 
the data corresponds to 5 chips, and the result is transmitted to demodulated data rotating portion 714. If the data 

30 corresponds to 6 chips, it Is multiplied by 12/11 and transmitted to demodulated data rotating portion 714. Further, 
whether the correlation period is 5 chips or 6 chips Is determined by correlation peak period detecting portion 720, of 
which data is transmitted to phase difference coefficient operating portbn 730. The structure of correlation peak period 
detecting portion 720 may be similar to that of the fifty-second embodiment. By the phase difference coefficient oper- 
ating portion 730, the demodulated data can be phase compensated with approximately the same precision as in the 

3S fifty-second embodiment, at demodulating portbn 71 5. 

[0639] The foregoing will be described with reference to the phase space diagrams of Figs. 60A to 60D. Fig. 60A 
shows an example where there is not a frequency offset. Since there is one phase difference estimating portion in this 
embodiment, phase rotation ()> corresponding to 5.5 chips of Fig. SOB is detected. Meanwhile, phase rotation corre- 
sponding to 5 chips and 6 chips are required of the data. Therefore, if the data correspond to the correlation period of 

40 5 chips, the rotatbn angle obtained at phase difference estimating portion 713 is multiplied by 10/11 (5/5.5), whereby 
the data for phase rotation shown in Fig. 60C is obtained. Similarty, for 6 ch^, the angle of rotation is multiplied by 
12/11 (6/5.5), whereby data of phase rotatbn shown in Fig. 60D is obtained. 

[0640] An example is shown in which the number of multiplexing is N, the number of chips of the spread code is m, 
there are h waves having the delay waves of a chips, i waves having the delay waves of b chips and j waves having 
^ the delay waves of c chips. In this example, the data obtained at the phase difference estimating portion in accordance 
with the present invention is the amount of phase rotation PHASE which corresponds to TCP chip,. as. represented by 
the following equation. 

^ formulae TCP = (axh + bxi + cxj)/N = m/N 

[0641] At the phase difference estimating portion, the amount of phase rotation PHASE which corresponds to the 
TCP chip, that is, mean delay chip number of the multiplexed wave, is obtained. Therefore, the amount of phase rotation 
PHASE A for the delay wave of a chips is PHASE A = PHASE x a/TCR 
ss [0642] Namely, the data PHASE obtained at the phase difference estimating portion is the amount of phase rotation 
with respect to the mean number of delay, that is. TCP. Therefore, the data to be modulated has the delay of a chips, 
it must be adopted thereto. Accordingly, the amount of phase rotation for the delay wave of a chips Is obtained by 
multiplying a/TCP 
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[0643] Similarly, for the delay of b chips and the delay of c chi^s. PHASE B and PHASE C are represented as 

PHASE B = PHASE x bfTCP 

5 

PHASE C = PHASE x cfXCP. 

[0644] Accordingly, what is necessary Is to multiply the data at the phase difference estimating portion by the coef- 
10 ficlent of a/TCP for the delay wave of a chips. bfTCP for the delay wave of b chips and c/TCP for the delay wave of c 
chips, at the phase difference coefficient operating portion. 

[0645] Based on this principle, the phase difference coefficient can be readily estimated even when the number of 
delays and the number of multiplexing vary. 

[0646] Though BPSK has been described In the fifty-second and fifty-third embodiments, the present invention is 
IS also applicable to QPSK or other phase modulation. 

[0647] Fig. 62 is a block diagram showing a transmitter of the spread spectrum signal showing the fifty-fourth em- 
bodiment of the present invention. 

[0648] Referring to Fig. 62. a clock signal CLKIIf^ of 11 MHz is generated from a reference clock generator 801. 
Clock signal CLK1 1 M is applied to frequency dividing circuit 802, from which a ckx)k signal CLK1 M of 1 MHz, a clock 

20 signal CLK2M of 2 MHz and a ckx:k signal CLK4M of 4 MHz are generated. 

[0649] Fig. 63 is a timing chart of the generated clock signals. To a data input portion 803, data of 4 Mbps is input. 
The data is applied to data latch portion 804, and for synchronizing with the clock signal, data is latched at data latched 
portion 804 using clock signal CLK4M. The data is subjected to S/P conversion by S/P convertor 805. The example 
shown here is assuming DQPAK nrKxjulation. Therefore, there are two output systems for 2 bits of input data. An 

2S example of the signal provided at one of the systems will be represented by I. and the other Is represented by.Q. 
[0650] The output data I and Q from S/P convertor 805 are applied to differential encoder 806 and subjected to 
differential coding. The data output from differential encoder 806 are represented as 1' and Q'. V and Q' are respectively 
S/P converted by S/P converters 807 and 808 for multiplexing by multiplexers 809 and 810. Similar to that described 
above, S/P converters 807 and 808 provide two systems of output, using 2 bits of data as a pair. This is because this 

30 embodiment assumes multiplexing by 2. 2 bits of the output from V side will be referred to as IL1 and IL2 and 2 bits of 
output from Q' side will be referred to as QL1 and QL2. Of these, output having the portions L1 are those provkled 
earlier to S/P converters 807 and 808, which outputs are synchronized with the clock signal CLKIM. 
[0651] Meanwhile, spread code generator 811 generates a spread code of 11 chips. The period of the spread code 
is in synchronization with clock signal CLK1 M. The multiplexer 809 performs spreading, by providing exclusive OR 

3S between the generated spread code and the data. After spreading, signals 11.2 and QL2 are input to a delay element 
of 5 chips for multiplexing. 

[0652] Fig. 64 shows the structure of the multiplexer Only for the system for IL2,.QL2, a 5 chips clock delay element 
891 is provided. From multiplexer 809, outputs DI1 and DI2 (including delay of 5 chips) are obtained, while D01 and 
DQ2 (including delay of 5 chips) are obtained.f rom multiplexer 81 0. Multilevel modulation portk>ns 81 2 and 81 3 receive 

40 respective data, and when the input data pair is (1 , 1 ), provide A, if the pair is (1 , 0) or (0, 1 ). provide 0, and if the data 
pair is (0, 0), provide -A. More specifically, if the sum of the amplitudes of two waves to be multiplexed is 2, A is output. 
If the sum is -2, -A is output and if it is 0, 0 is output, and these outputs are input to a quadrature modulator which is 
to follow. By data inserting portions 814 and 815, data Is inserted such that of the data of which chip number where 
preceding and succeeding data are overlapped is 5, the outputs from multilevel modulating portions 812 and 813 of 

45 the data corresponding to the central chip are forced tot). 

[0653] Fig. 65 is a specific block diagram of the data inserting portion. Referring to Fig. 65, data inserting portion 
814 includes D type flipflops 841 , 842 and selectors 843 and 844. D type ftipflops 841 and 842 provide delay of 2 chips 
to ckx:k signal CLK1 M, in response to clock signal CLK1 1 M, and by the Q output from D type flipflop 842. data selectors 
843 and 844 are switched. More specifically, if the Q output from D type flipflop 842 is at the "L" level, data Dll . DI2 

so or DQ1 or 1DQ2 are selected by data selectors 843, 844, and if the O output from D type flipflop 842 is at the "H" level. 
(1, 0) of a previously set data is selected. Because of such data inserting portion 814, the data corresponding to that 
chip which corresponds to the clock signal CLK1 M delayed by 2 chips is always forced to have the combination of (1 , 
0), and hence the output from multilevel modulating portion 81 2 and 81 3 attain to 0. At other portions, Dl 1 . DI2 or DQ1 , 
DQ2 are output as they are, and the outputs from multilevel modulating portions 812 and 813 vary correspondingly . 

ss Therefore, variation after despreading is eliminated, enabling accurate demodulation. 

[0654] Figs. 66 and 67 show patterns of transmission data. As is apparent from Figs. 66 and 67, the data modulated 
in accordance with this embodiment of the present invention is received by a conventional receiver, phase variation 
after despreading is suppressed, and error rate characteristic can be improved. 
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[0655] In this embodiment, the clock signal CLK1M is offset by 2 chips at data inserting portions 814 and 815, so 
that the central 1 chip of the overlapping 5 chips is forced to 0. However, the clock signal CLK1M may be offset by 1 
chip or 3 chips to provide similar effects. Further, though data inserting portions 814 and 815 are provided in the 
preceding stage of multilevel modulating portion 812 and 813. the value of multilevel modulating portions 812 and 813 

5 may be directly operated. 

[0656] Fig. 68 is a block diagram showing a receiver in accordance with a fifty-fifth embodiment of the present in- 
vention. The receiver includes correlators 851, 852, correlation synchronizing circuit 853, differential demodulating 
circuit 854, P/S converting circuit 855 and correlation pattem detector 856. Correlation pattern detector 856 detects 
correlation patterns, and changes coefficient of multiplication at correlators 851 and 852 accordingly, based on the 

10 detection output. 

[0657] Fig. 69 is a bkxk diagram showing an example of the correlator shown in Fig. 68. Correlator 851 includes D 
type flipftop 901 to 911. multipliers 921 to 931 and summing circuit 940. D type flipflops 901 to 911 provide delay of 1 
chip each to the input data, the data is multiplied by Barker code by multipliers 921 to 931 , and the sum of the results 
is calculated by summing circuit 940, whereby correlation is obtained. Utilizing the result, correlation perksds are syn- 
IS chronized by correlation synchronizing circuit 853 shown in Fig. 69, differential demodulation is performed by differential 
demodulating portion 854 and P/S conversk>n is performed by P/S convertor 855, whereby the transmitted data is 
demodulated. 

[0656] Further, multipliers 941 and 942 are provided. Multiplier 941 multiplies the third bit of the Barker code by data 
A which Is detected by correlation pattem detector 856 and led back, and applies the result to multiplier 923. Multiplier 

20 942 multiplies the ninth bit of the Barker code by the data B whk;h is detected by correlation pattem detector 856 and 
fed back and applies the result to multiplier 929. Data A and B assume the value of 1 or 0. 
[0659] When modulated using similar parameters as the prior art on the transmitting side, the correlation peaks are 
detected on the receiver side as repetition of 5 and 6 chips. On the receiver, when the correlation values are detected, 
there may be two possible cases. Namely, the data overlaps with the preceding data by 5 chips, and overlaps the 

2$ succeeding data by 6 chips (pattem I), or the data overlaps with the preceding data by 6 chips and overlaps with the 
. succeeding data by 5 chips (pattem II). Therefore, correlation pattem detector 856 detects the pattern and feeds back 
the infomnation to correlators 851 and 852. Correlation pattern detector 856 may be readily implemented by a counter, 
for example, which counts the chip clock from one correlation peak to another correlation peak. If the counted value 
is 6 clocks, it predicts that the next correlation value has pattern I, and feeds back A = 1 and B = 0 to correlators 851 

30 and 852. if the counted number If 5 clocks, it predicts that the next correlation value has pattem II. and feeds back A 
= 0 and B = 1 . When there Is no correlation detected, the values are set to A = B = 1 . 

[0660] Fig. 70 shows change in the received data at the receiver shown in Fig. 68. The digital data of the input data 
after conversion from IF to baseband are represented as Rxl, RxQ, as shown in (a) and (b) of Fig. 70. The contents 
of data are similar to the transmission data. The data are correlated by correlators 851 and 852, resulting in Isur^iand 
35 Qsum. as shown in (c) and (d) of Fig. 70. More specifically, input, data are delayed by D type flipflop 901 to 911 of 
correlators 851 and 852, the results are multiplied by multipliers 921 to 931 by a prevbusly prepared Barker code, and 
respective sums are added by adder 540. 

[0661] Meanwhile, correlation synchronizing circuit 853 generates a correlation synchronizing clock signal SCLK 
such as shown in Fig. 70 (e) which is in synchronization with correlation peak, utilizing the output from correlators 851 

40 and 852. Differential demodulating portion 854 Inputs, as data, such con'elatlon peaks as shown in (f) and (g) of Fig. 
70 to differential demodulating portion 854. utilizing the outputs from correlators 851 , 852 and the correlation synchro- 
nizing clock signal SCLK. Differential demodulating portion 854 performs differential demodulation using the denrKjd- 
ulated data and data preceding by one. More specifically, data such as shown in (h) and (I) of Fig, 70 are output and 
demodulated, based on the phase difference of the change in data Further, the differentially demodulated data is P/ 

45 s converted by P/S converter 855, and thus transmlssbn data such as shown in Fig. 70(d) is demodulated. It can be 
understood that Isum and Qsum shown in (c) and (d) of Fig. 70 have constant absolute value. 
[0662] Fig. 71 is a block diagram of a transmitter in accordance with a fifty-sixth embodiment of the present invention. 
The transmitter/receiver shown in Figs. 62 and 68 are adapted such that the correlation peak after despreading is±1 0. 
The transmitter shown in Fig. 71 is adapted such that the correlation peak is ±12. 

so [0663] For this purpose, amplitude modifying portions 81 2 and 81 7 are provided on the output side of the multilevel 
modulating portions 812 and 813. 

[0664] Fig. 70 shows a specific structure of the amplitude modifying portion shown in Fig. 71 . 
[0665] Amplitude modifying portion 81 6 includes D type flipflops 961 to 964, an OR gate 965 and a 1 .5 times amplitude 
circuit 966. D type flipflops 961 to 964 delay the clock signal CLK1 M by CLK11 M. OR gate 965 operates he 1 .5 times 
ss amplitude circuit 966 when clock signal CLK1 M is input and is delayed by 4 chip clocks. The 1 .5 times amplitude circuit 
966 amplifies the input amplitude to 1 .5 times. 

[0666] The operation of the transmitter shown in Fig. 71 will be described. Here, parameters and the like for modu- 
lation are similar to those of the prtor art example. First, by reference clock generator 801 and frequency dividing circuit 
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802. four different clock signals are generated. In order that the clock and data to the transmitter are synchronized, 
data and dock signal CLK4M are synchronized at data latch portion 804. For QPSK modulation, S/P conversion to 
two systems is performed by S/P converter 805. In this stage, data is in synchronization with clock signal SLK2M, and 
I and Q signals are output from S/P converter 805. In order to enable differential demodulation in the receiver, differential 

5 encoding is performed by differential encoder 806, and T and Q" signals are output. For delay multiplexing, the data 
which has been separated into two systems are again S/P converted by S/P converters 807 and 808, whereby each 
data is divided into two systems. In this stage, the data Is synchronized with clock signal CLK1M. which data are 
represented by IL1 , IL2, QL1 and QL2. The data are spread by Barker code by multiplexers 809 and 810. and IL2 and 
Ql_2 are delayed by 5 chips. By multilevel modulating portions 812 and 81 3, multilevel modulation similar to that of the 

10 prior art is performed. More specifically, if the input data pair is (1, 1), A is output, if the pair Is (1, -1) or (-1, 1), 0 is 
output, and if the pair Is (-1, -1), -A is output. As a result, if the sum of the amplitudes of two waves to be multiplexed 
Is 2. A Is output. If the sum Is negative, -2 is output, and rf the sum Is 0, 0 is output. 

[0667] The amplitude information from multilevel modulating portions 81 2 and 81 3 are applied to amplitude modifying 
portions 816 and 817. In amplitude modifying portions 816 and 817, clock signal CLK1M is delayed by clock signal 
IS CLK11M by D type flipflops 961 to 984. At the timing when the clock signal CLK1M is input and at the timing of said 
clock delayed by 4 chip clock, OR gate 965 operates the 1 .5 times amplitude circuit 966, whereby the input amplitude 
is widened to 1 .5 times. 

[0668] Fig. 73 shows the pattem of transmissfon data In accordance with the fifty-sixth embodiment. Assuming that 
A = 2, it can be understood that the phase after despreading is constant at ±12. 

20 [0669] Fig. 74 is a block diagram of a receiver in accordance with a fifty-seventh embodiment of the present invention. 
In the fifty-sixth embodiment, the phase after despreading is made ±12 by the operation of the transmining side. In the 
present embodiment, the phase after despreading is set to ±12 on the receiving side. Here, the structure of the trans- 
mitter Is the same as the conventional one, and parameters for modulation are also the same as the prior art. 
[0670] Fig. 75 shows a structure of a con-elator shown in Fig. 74. Referring to Fig. 75, the correlator is structured in 

2S the similar manner as shown in Fig. 70. However, it includes. In place of multipliers 941 and 942, multipliers 951 to 
954. The multipliers 951 to 954 multiply data A or B detected and fed back by correlatbn pattern detector 856 by the 
Barker code, and apply the results to multipliers 921 , 925, 927 and 931 . Data A or B assume the value of "1 ' or "1 .5." 
[0671] The operation of the receiver shown in Fig. 74 will be described. When modulation is performed using similar 
parameters as in the prior art on the transmitting side, the correlation peaks are detected as repetition of 5 chips and 

30 6 chips on the receiver. When the correlation value is detected in the receiver, there may possibly be two pattems of 
data overlapping, that is, the data overlaps by 5 chips with the preceding data and by 6 chips with the succeeding data 
(pattern I) and the data overlaps with the preceding data by 6 chips and 5 chips with the succeeding data (pattern II). 
Therefore, correlation pattem detector 56 detects the pattem and feeds the Information back to correlators 851 and 
852. In this embodiment also, the correlation pattern detector 856 nnay be implemented by a counter, for example. The 

35 chip clock from one correlation peak to another correlatbn peak Is counted, and if It Is 6 clocks, it is predetected that 
the next correlation value has pattem I, so that A = 1 .5 and B = 1 are fed back. If the count number Is 5 clocks, it is 
predetected that the next correlatton value has pattem II, and A = 1 and B = 1.5 are fed back. When there is not a 
correlation detected, the values are set to A = B = 1 . In accordance with this data, multipliers 951 to 954 change the 
coefficient of multiplication applied to multipliers 521, 525. 527 and 531. 

40 [0672] Fig. 76 shows changes in the receptk>n data in accordance with the present embodiment. In Fig. 76, it is 
assumed that the received data is the same as the data of the prior art example. As shown In (c) and (d) of Fig. 76, 
the absolute value becomes constant at the time points where Isum and Qsum are output. 

[0673] Fig. 77 is a graph showing error rate characteristic of the receiver in accordance with the fifty-fourth and fifty- 
sixth embodiments of the present invention. As Is apparent from Fig. 77, error rate characteristics are improved in the 
^ prior art example, the fifty-fourth and fifty-sbtth embodiments. This Is because phase variation Is suppressed after 
demodulation in accordance with the present inventionSTn is apparent that similar effects can be obtained In the fifty- 
fifth and fifty-seventh embodiments. 

[0674] Fig. 78 shows a receiving system of the fifty-eighth embodiment of the present invention. As for the transmitting 
system, the one shown in Fig. 1 Is used. Referring to Fig. 78, the signal received at antenna 601 has its frequency 

so converted by frequency converting portion 602 based on a local oscillation signal from local oscillator 604 to a baseband 
signal, and correlated by correlator 604. The correlation is latched at latch portion 605 at a timing of a correlation spike. 
Thereafter, degradation caused by auto-correlation is cancelled by correlation processing portion 606, the correlated 
output is applied to distributor 607 and distributed, and latched at latch portions 608 and 609 in accordance with a 
control signal from latch controller 610. Here, in accordance with the specific example above, the outputs are latched 

ss with 2 chips or 3 chips at latch portbns 608 and 609. Output from latch portbns 608 and 609 are differentiated by 
differentiating portion 610, and thereafter determined at determining portion 612 and demodulated. 
[0675] Fig. 79 is a block diagram showing a specific example of the correlation processing portion shown in Fig. 78. 
The con-elation processing portion 606 shown in Fig. 79 is an example where multiplication number is 5. Though only 
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one system is shown in Fig. 79. two systems are necessary to implement the example shown in Fig. 28. 
[0676] The input signal is input to a shift register_613 in accordance with the number of input bits, and with respect 
to the correlation spike of the desired data demodulation timing, four preceding and four succeeding correlation spikes 
are held. These signals are operated based on the timing signal generated from timing generator 61 5 by operator with 
s selector 614. Timing generator 615 times the Input and output signals, in accordance with a signal of a correlation 
synchronizing circuit, not shown. 

[0677] Fig. 80 shows a specific structure of the operator with selector 614 shown In Fig. 79. Referring to Fig. 80, the 
operator with selector 61 4 includes selectors 617 to 620, an adder 621 . a divider 622, a timing controller 623, a latch 
portion 624 and an adder/subtractor 625. 

10 [0678] Fig. 81 is a timing chart showing the operation of the operator with selector shown in Fig. 80. Referring to Fig. 
81 , assume that the correlation spike to be obtained Is the signal E of Fig. 81 . There are four side lobes varying the 
value of the correlation spike of the signal on both sides of the desired one of the signals 1 to 4. More specifically. A 
and F of the signal shown by (a) of Fig. 81 , B and G of the signal shown by (b) of Fig. 81 . C and H of the signal shown 
by (c) of Fig. 81 and D and I of the signal shown by (d) of Fig. 81. Dependent on the combination (EVEN, ODD) of 

IS these four signals, side lobe (El , E2, E3, E4) of auto-correlation of the timing of E are determined, and as a result, 
these signals are added to E, resulting in the signal E* of (f ) of Fig. 81 . Signals El , E2, E3 and E4 will be described in 
greater detail. 

[0679] Fig. 82 shows auto-correlation characteristic of Barker code. Here, there are four possible data combination, 
that Is, (1,1), (-1, -1), (1, -1), (-1, 1). These provide mutually different auto-correlation values. Here, EVEN represents 

20 even correlatk>n and ODD represents odd correlation. Let us consider delay multiplication. Though the signals are 
spread and multiplexed, superposition Is maintained in spread spectrum. Therefore, when the multiplexed signals are 
despread, each correlation value also has superposition. Namely, when multiplexed, superposition of respective auto- 
correlations can be obtained as the output from the correlator. In other words, portions not correlated, other than 11 or 
-11, referred to as auto-correlation side lobes has undesirable influence. 

2S [0680] More specifically, when the data preceding and succeeding the one of which auto-correlation Is to be deter- 
mined are referred to as preceding data and succeeding data, respectively, at a timing of correlation spike, after odd 
numbered chips, the auto-correlation has the absolute value of 1 and the sign opposite to the preceding data, regardless 
of the succeeding data. After odd chips, the auto-con-elation has the absolute value of 1 and the sign opposite to that 
of the succeeding data, regardless of the preceding data. 

30 [0681] This will be considered with respect to signal E1. El is a signal which occurs after even numbered chips (8 
chips) from the correlation spike A. Therefore, the auto-correlation is -1, since the sign thereof is opposite to the data 
of A. As for signal E2, it occurs after even numbered chips (6 chips) from the correlation spike of B, Therefore, it has 
opposite sign to data B, and hence the auto-correlation will be -1. As for E3, E3 occurs after even numbered chips 
from the correlation spike of C. Therefore, the odd-correlation will be -1 , with the sign being opposite to that of the data 

35 c. As for E4, it Is a signal occurring after even numbered chips from the correlation spike of D. Therefore, auto-corre- 
lation is -1 . with the sign opposite to the data D. 

[0682] From the foregoing, when a signal E Is to be restored from the signal E', El , E2, E3 and E4 must be subtracted 
from E'. That means, the value 1/11 should be subtracted, using different sign components of A, 8, C and D. It is the 
equivalent of the following operation. Namely, A,.B, C and D are added and the sum is processed to 1/11, and the 
40 result is added to E'. 

[0683] Referring again to Fig. 80, signals A and F are Input to selector 351 , B and G are input to selector 352, C and . 
H are input to selector 353, and signals D and I are input to selector 354. In the above described example, selectors 
351 to 354 select signals A, B, C and D. Thereafter, signals A, B, C and D are added by adder 355, the sum is subjected 
to division of 1/11 by divider 356, and the result is added to E' by adder/subtractor 359, latched In latch portion 358 

45 and output. ^ 

[0684] In the example shown in Fig. 81, the signals are offset each by.2:chips. Therefore, preceding data only are 
used. However, when the number of chips is an odd number, the succeeding data is to be used. For example, consider 
F as a reference. Since B and F are apart by 9 chips, the succeeding data, that is. Q should be used. In this manner, 
whether the preceding data is to be used or the succeeding data is to be used depends on the relatfon of delay of the 

so desired data and overlapping four preceding and four succeeding data, respectively. 

[0665] Fig. 83 is a flow chart showing how the timing for switching the selector shown in Fig. 80 Is determined. 
Referring to Fig. 83. first, N is initialized to N = 0, and then N is incremented, as N = N + 1 . By correlation spike position 
determining process, whether the inten/al Is odd numbered chips or even numbered chips is determined, so as to 
determine whether the preceding data or succeeding data is to be used in the next process. Accordingly, it is determined 

55 how each of the selectors 617 to 620 should be switched. This operation Is performed for all the selectors, thereafter 
selectors are actually switched. 

[0686] The timing is determined by the delay and multiplexing process of the present reception data, using an external 
timing generator. The information related to delay and multiplexing is determined dependent on whether the delay 
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corresponds to even numbered chips or odd numbered chips, as the number of multiplexing and the amount of delay 
are determined uniquely by the system. Determination of selectors 617 and 620 are performed as shown in the flow 
chart of Fig. 83. However, the determining process need not be performed every time. For example, the amount of 
delay when the number of multiplexing is 5 will be a fixed value determined by the system. Therefore, actually, a circuit 
for switching the selectors 617 to 620 in a predetermined order repeatedly may be effective. 
[0687] Fig. 84 shows absolute values of correlated outputs of the correlation spike when processed in the above 
described manner. As Is apparent from Fig. 84, the correlated outputs of correlation spik^ are ctoser to 11 as compared 
with the prior art example. Here, the value is not exactly 11, since data used for the addition of the preceding and 
succeeding data are actually not A, B. C and D but A'. B', C and D', which include errors, as these signals themselves 
vary from 11. An application of the present invention to DQPSK will be described. 

[0688] Fig. 85 shows vectors on a phase plane illustrating the principle of the present invention. Fig. 86 shows change 
in vectors at the time of multiplexing. 

[0689] Assuming that there is not an influence of auto-correlation side lobes, data will be represented by vectors A, 
B, C. D and E, as shown in Fig. 85. Actually, there are autct-correlation side lobes, and therefore, the signals are as 
shown in Fig. 86. Here, It is assumed that each delay includes even numbered chips so that only the preceding data 
has an influence, as in the above described example. For simplicity of description, it is assumed that the vectors A, B, 
C and D have the outputs of 11, and variation of each vector is neglected. The vectors generated from respective 
vectors A, B, C and D with the influence of autocorrelation side lobes are EA, EB, EC and ED. the composite vector 
of which with the vector E appears as the vector E'. 

[0690] With respect to I and Q axes, A is (11, 11) and B, C and D are each (-11,11). Therefore, vectors generated 
from the side lobes thereof will be (-1, -1) and (1, -1). Accordingly, I and Q can be operated Independent from each 
other as shown in^ Fig. 78, and it can be understood that vector E can be restored from vector E' by independent 
operations of I and Q components. 

[0691] Fig. 87 shows vectors on a phase plane in accordance with fifty-eighth embodiment of the present invention 
with the phase plane rotated. Fig. 88 shows changes in vectors at the time of multiplexing with the phase plane rotated. 
Fig. 87 con^esponds to Fig. 85 and Fig. 88 corresponds to Fig. 86. This example corresponds to reception in an asyn- 
chronous system with the phase plane rotated. 

[0692] In the examples shown in Figs. 87 and 89, though the signal axis is rotated, it can be understood that it is on 
the same axis as A, B, C and D when viewed as a vector In vector operation, when the vectors are on the same axis, 
vectors EA, EB, EC and ED can be obtained by performing division of 1/11 and changing the sign for the I and Q axes 
independently. Therefore, the influence of auto-correlation side lobes can be cancelled In the circuitry shown in Figs. 
78 to 80. 

[0693] Fig. 89 shows improvement in error rate of the fifty-eighth embodiment of the present invention. The difference 
between the conventional example and the present invention is calculated by simulation in a DQPSK system. The 
abscissa represents C/N and the ordinate represents error rate. By an embodiment of the present invention, it^pan be 
understood that improvement of 6 dB has been attained near the point where BER = 1 .0 E04. In the present embod- 
iment, the process utilizes the fact that the auto-correlatbn side lobe is detemnined only by the preceding or succeeding 
data. However, a case where the auto-correlation sidewall is detemnined not only by one of the preceding and suc- 
ceeding data but it is determined by the combination of the preceding and succeeding data will be consider;ed. Assume 
that vector of F represents succeeding data with respect to the vector of A. For each of four possible vectors of F, the 
vector to be cancelled differs. Therefore, the vector must be calculated. In that case, the vector may not be on the 
same axis as A vector Therefore, the vector to be cancelled must be calculated based on the vectors A and F If the 
signal axis is not specified as in an asynchronous system, it is necessary to estimate and find the axis, which makes 
the process more complicated. 

[0694] Similarly, if the axis has a spread because of noise, the operation becomes difficult. However, according to 3 
an embodiment of th^ present Invention, what is necessary is only the operation on the axis A, and therefore, the 
operation can be implemented by the circuitry of Fig. 78 to 80, so that only a simple circuit is necessary. 
[0695] As described above, according to one embodiment of the present invention, the variation in signal amplitude 
caused by the influence of auto-correlation side lobes can be suppressed, and the error rate can be significantly im- 
proved. In one embodiment of the present inventbn, it is not necessary to determine whether the preceding data or 
succeeding data is to be used and to perform vector processing considering order of overlapped four data for processing 
vector component, noting the characteristic of the spread code. In this embodiment, what should be added is only the 
reception signals and hence the circuitry can be simplified. Even in an asynchronous system, what is necessary is 
simply the processing of the preceding and succeeding reception signals. Therefore, the present invention can be 
applied directly without the necessity of axis estimation. 

[0696] In the foregoing, only an example in which Barker code is used as a spread code with the number of multi- 
plexing being 5 has be described. However, other code may be used, and the number of multiplexing is not limited to 
five. Any code may be used provided that the auto-correlatbn side lobe is detemfiined uniquely by the preceding or 
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succeeding data. More specifically, it is not necessary that all the delay amounts of side lobes are determined based 
on the preceding and succeeding data as in the Barker code. What is necessary is simply that the correlation spike of 
the delayed signal comes to a position which is determined only by the preceding data/succeeding data. This example 
will be described with reference to an m sequence constituted by 15 chips. 
s [0697] Fig. 90 shows auto-correlation of m sequence of 15 chips. The code shown in Fig. 90 is represented by 
(111101011001000). Referring to Fig. 90. the auto-correlation at the fifth chip has the magnitude of 1 and the sign 
opposite to the succeeding data, and the auto-correlation at the tenth chips has the magnitude of 1 and the sign opposite 
to the preceding data. 

[0698] Fig. 91 shows correlation value when signals of m sequence are delayed and multiplexed, in numerrcal values. 

10 When the value is 15 or -15 which con-espond to the correlation spike, the multiplexed signal is 1 or -1 and the sign Is 
determined uniquely from the preceding data or succeeding data. Therefore, it is understood that the present invention 
is applicable. In this manner, rt can be seen that the present invention is widely applicable to codes satisfying the above 
described conditions. Though the signs are opposite in the above example, in the following, another example in which 
the signs are the same will be described. A Barker code of 13 chips Is shown as an example. The Barker code of 13 

IS chips Is represented by (1, 0, 1, 0, 1, 1. 0. 0, 1, 1, 1. 1 ,1). 

[0699] Fig. 92 shows auto-correlation of Barker code of 1 3 chips. Referring to Fig. 92, at a correlation of spike timing, 
a code of an even numbered chips has auto-correlatbn having the absolute value of 1 with the sign being the same 
as that of the preceding data, regardless of the succeeding data. As for the even numbered chips, the auto-correlatbn 
has the absolute value of 1 with the sign being the same as the succeeding data, regardless of the preceding data. 

20 Therefore, what is necessary is subtraction, contrary to the above example. Therefore, the adder/subtractor shown in 
Fig. 80 performs subtracting opeFatlon. 

[0700] A fifty-n inth embodiment of the present inventbn will be described in the following. An example in which Barker 

code of 11 chips Is used and number of multiplexing is 5 as in the above embodiment, will be described. 

[0701] Fig. 93 is a block diagram of the correiatk)n processing portion in accordance with the fifty-ninth embodiment 
2S of the present invention. Before the description of the circuit structure, the data used for cancelling auto-correla|i9n 

with the delay amount being 2, 2. 2, 2, 3 will be considered In Fig. 61 , data G', H', 1' and J' are used for cancelling F'. 

Data S', H' T, J' are used for cancelling G*. and data P. G', 1' and J' are used for cancelling H*. 

[0702] Meanwhile, data P, G', H' and J' are used for cancelling 1', and data P, G*, H', T, are used for cancelling J'. 

Namely, five pieces of data, that is, F'. G', H', V and J' may be used as one block, and for the desired signal, other four 
30 pieces of data in the block may be used. Namely, a circuit structure accommodating only five pieces of data is necessary. 

Therefore, as compared with the example shown in Fig. 79, In the present embodiment, the necessary circuit structure 

is the one simply for shifting the five pieces of data, as shown In Fig. 93. More specifically, as shown in Fig. 93, correlatbn 

processing portion 625 includes 5 bits of shift registers 626, switches 627, an operator with selector 626, and a timing 

generator 629. 

35 [0703] Fig. 94 shows internal structure of the operator with selector 628 shown in Fig. 93. Regarding to Fig. 94, the 
input five signals are input to switches 631 to 635, respectively. Here, four signals other than the necessary signal are 
tumed on, and the necessary signal is turned off, so that it is not passed. As a result, adder 636 adds four signals other 
than the necessary signal. To the selector 641 , five signals are input, and only the necessary signal is selected. Except 
these points, the operation is the same as described with reference to Fig. 80. In this manner, in the present embodi- 

^ ment, it is not necessary to select all the preceding and succeeding data by selector 641 . and the data can be processed 
as one block. To enable such operation, the code used and the amount of delay must be appropriately selected. 
[0704] As described in fifty-eighth embodiment, in the present invention, only the preceding data or the succeeding 
data is used. Therefore, In order to cancel the first one of the data handled as a block, succeeding data of the remaining 
multiplexed waves may be used. For cancelling the second one of the data, the preceding data of the first one and 

45 succeeding data of the remaining ones may be used. In this manner, the third, fourth and other data may be processed, 
satisfying the conditions. For example, 'if ?a Barker code of 11 chips is to be used, It may be constituted by the delay 
amount of continuous even chips, and one amount of delay of odd chips. If such conditions are satisfied, the auto- 
correlation side lobe can be cancelled by the circuit structure shown in Figs. 93 and 94. 

[0705] The sixtieth embodiment of the present invention will be described. When the Barker code of 1 1 chips is used, 
so In the fifty-eighth and fifty-ninth embodiment, first, division by the code length 11 used for spreading is performed, 
before addition. This Is because El is 1/11 with respect to A, as shown in Fig. 81. However, in the actual circuitry, 
operation starts from A', which is the correlated output as shown in Fig. 80. Therefore, the value cannot be completely 
restored to 11 and residual component exits, as shown in Fig. 83. 

[0706] Therefore, the changed correlation values and added values of other data are considered. Assume that, the 
55 number of multiplexing Is 5 as described above. Then, correlation values assume 7, 9. 11, 13, 15 and -7, -9, -11, -13 
and -15. The added values of other four at this time are 28, 12. -4, 20. -36 and -28, -12, 4, 20 and 36, respectively 
Accordingly, it can be seen that the values have the same difference of 16 between each other. In other words, as the 
data changes by 2. the corresponding change is -1 6. Therefore, division by 8 results in convergence to the same value. 
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Therefore, in the example in which multiplexing number is 5. when division by 8 is performed instead of division by 11 , 
all will be converged to the value of 10.5. 

[0707] Fig. 95 shows absolute values of the correlated values of correlation spikes in the fifty-ninth embodiment. It 
corresponds to Fig. 84, and it can be seen that the values are all at 10.5. As a result, the phase after cancelling is 
s converged to one point, as compared with the fifty-eight embodiment which still includes variations. Therefore, phase 
difference can be made smaller. The result is as shown in Fig. 96. Fig. 96 corresponds to Fig. 89. and it can be seen 
that the error rate is further improved by the sixtieth embodiment. In this manner, the sixtieth embodiment is advan- 
tageous in that the error rate can further be improved by the division by 8, instead of 11 . 

[0708] Though the number of multiplexing is 5 in the above description, when the number is 4. the added value have 
'10 the same difference of -18 with each other and hence division by 9 should be performed. When the number is 3 and 
2. respectively, division by 10 and division by 11 should be performed, whereby the results are all converged to one 
phase. 

[0709] An example in which Barker code of 13 chips is used will be described. Assuming that the number of multi- 
plexing is 6, the correlation values assume 8, 10, 12, 14. 16, 18 and -8, -10, -12. -14. -16 and -18. At this time, added 

?5 values of five other data will be -80, -46, -1 2, 22, 56, 90 and 80, 46, 1 2, -22, -56 and -90. Namely, these have the same 
difference of 34 from each other. Namely, as the data changes by 2. the added value change by 34. Therefore, when 
divkied by 1 7, the results will be converged to the same value. Therefore, when the number of multiplexing is 6, division' 
by 17 is performed instead of division by 1 3, and the results are all converged to the value of 1 2.7. When the number 
of multiplexing is 5. division by 16 should be performed. Similarly, when the number of multiplexing is 4, 3. and 2. 

20 division by 1 5. 1 4 and 1 3 may be performed, whereby the results are all converged to one phase. In this manner, when 
auto-correlation side lobes are generated with the sign being opposite as in the Barker code of 11 chips, the devisor 
: should be reduced one by one as the number of multiplexing increases one by one. Meanwhile, If the auto-correlatk)n 
side lobes of the same sign are generated as in the Barker code of 13 chips, the divisor should be increased one by 
one as the number of multiplexing is increased one by one. 

25 [0710] The sixty-first embodiment of the present invention which is applle4to the technique referred to as PDI in 
spread spectrum system will be described. Fig. 97 shows a structure of a PDI circuit, disclosed in Spread Spectrum 
Communication System. Mitsuo Yokoyama, KAGAKU-GIJUTSU SHUPPANSHA. Referring to Fig. 97, the received 
signal is Input to a matched filter 643, at which output, a pulse sequence having a plurality of peaks in accordance with 
the time of arrival and the signal intensity appear. The pulse sequences are input to a traversal fitter 644. The time 

30 length of the delay line of the transversal filter 644 is set in accordance with the maximum delay spread. The output 
from transversal filter 644 and output from control filter 643 are applied to multiplier 645 and multiplied, whereby syn- 
chronized detection is performed. By this multiplication, the peak values of the pulse sequences are emphasized, and 
low level noise components are suppressed. The output from multiplier 645 is applied to an integrator 646 and integrated 
for the time period T^, so that signals spread in time with the delay spread are gathered. This operation realizes ^ 

ss diversity. The signal component is detennined in determining circuit 647. In this manner. PDI technique utilizes all the 
signals spread by the delay waves for demodulation, and it has an advantage that error rate under phasing environment 
can be improved. 

[0711] Fig. 98 shows correlated outputs for describing PDI. The dotted line of Fig. 98 shows the correlated waveform 
without any delay wave in an ideal state. Fig. 99 shows a state in which one delay wave is added to the ideal waveform. 

40 Referring to Fig. 99. the line denoted by reference character a is an original correlated waveform, the line denoted by 
the character b is the delayed wave, and the dotted line denoted by c is the combined waveform. In the PDI, integration 
by integrator 646 is performed as shown in Fig. 97. For the simplicity of description, here, is assumed that signals at 
two sample points are used for demodulation. Namely, the original signal is demodulated at (1) of Fig. 99, and delay 
wave component is demodulated at (2) of Fig. 99. Therefore, by using PDI, performance can be improved than when 

45 PDI is not used. 

' >>[0712} Now, multiplexing of the present embodiment will be described. In this case, actual correlated outpjyt-j^as 
shown by the solid line of Fig. 98, which is deviated from the ideal state represented by the dotted line. This is because 
the auto-correlation side lobes has their influence at portions other than the correlation spike. 
[071 3] Fig. 1 00 shows correlated outputs for describing PDI , which vary because of the influence of auto-correlatlon 

50 side lobes. When there is a correlation b as shown in Fig. 100 and there is another correlation a which is not 0, the 
combined output c is degraded from the original output both at the sample points (1 ) and (2). Since the error rate is 
determined by the ratio (C/N) of the carrier component with respect to the noise component, the error rate is degraded. 
[0714] In order to solve this problem, the method of cancelling the auto-correlation side lobe of the present Inventfon 
should be used not only for the original correlation spike but also for the correlation spike of the delay waves used for 

55 PDI. 

[0715] Fig. 101 is a bock diagram showing the application of the present invention to a PDI receiver. Fig. 101 is the 
same as Fig. 78 except the following points. More specifically, the output from correlator 604 is latched at latch portion 
741 for PDI at the delay wave timing, the output from PDI latch portk^n 741 is input to correlation processing portion 
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742 for PDl. correlated output signal from correlation spike latched at latch portion 605 is applied to correlation process- 
ing portion 742 for PDl, and the timing signal from correlation processing portion 606 is applied to correlation processing 
portion 742 for PDl. The outputs from correlation processing portion 742 for PDl and from correlation processing portion 
606 are combined by combiner 743 and applied to distributor 607. Further, at the output of differentiating portion 611 , 
s PDl portion 744 is provided, and therefore the signals are subjected to PDl processing and thereafter applied to de- 
termining portion 612. • 

[0716] Fig. 102 Is a block diagram showing the structure of the correlation processing portion for PDl shown In Fig. 
1 01 . The correlation processing portion 742 for PDl includes shift registers 751 , 752, and an operator with selector 753. 
[0717] For the PDl. cancellation at the timing of the correlation spike of the delay wave is necessary, because of the 

10 influences with the side lobe of the signal for the original correlation spike timing and the side lobe of auto-correlation 
of the delay wave itself. Therefore, the correlation signal at the timing of the original correlation spike timing and the 
timing of the correlation spike of the delay wave for the PDl shouki both be used as the reference for cancellation. In 
this case, the side lobe derived from the correlation spike of the delay wave for PDl is cancelled in the same manner 
as the side lobe of the correlation spike. Namely, cancellatbn is performed using the correlation spike of (k - 1) delay 

IS wave preceding and succeeding the signal latched at the timing of the delay waves, with the delay waves being the 
center. 

[0718] As for the cancellation of the original correlation spike, referring to Fig. 82 as an example, after the delay of 
even numbered chips, the signal depends on the succeeding data, while the signal depends on the preceding data. 
Therefore, by determining whether the original signal having influence at the PDl timing occurs after odd chips of delay 

20 or even chips of delay and by selecting the selector appropriately, cancellatton at the PDl timing becomes possible. 
[0719] Different from the fifty-eighth embodiment, not only the multiplexing signals before and after the correlation 
spike to be cancelled but all the multiplexed signals (if the number of multiplexing is 5, five signals) are added. This Is -.i 
because the PDl is influenced by the side lobe of the signal itself of the correlation spike, from which it is derived. 
[0720] Therefore, in the correlation processing portbn 742 for PDl, the correlation spike of the signal of the delay 

2S waves is held by the shift register 751 by 2(k -1 ) + 1 as shown in Fig. 102, and the original correlation spike 2k is held 
In shift register 752. 

[0721} Fig, 103 is a block diagram showing the structure of the operator with selector shown in Fig. 102. As shown 
in Fig. 103, the operator with selector 753 includes an operator 754 for delay wave and operator 755 for side lobe of 
the original correlation spike. The operator for delay wave 754 is the same as that shown in Fig. 80. By this structure, 

30 it becomes possible to cancel auto-correlatk)n of the delay wave and thereafter to cancel the side lobe of the original. 
[0722] Though two operators 754 and 755 are shown separately in Fig. 103, in actual processing, these may be 
integrated, so that timing controller, adder/subtractorand latch circuit may be shared. Further, either one of the operators 
may be used to reduce the size of the circuitry Further, if the number of delay waves used for PDl is two or more, the 
circuit for the delay waves should be prepared in the same number 

3S [0723] In the above described embodiment, when a Barker code of 11 chips is used, the correlated value isjdivided 
by 11 - k + 2 dependent on the number of multiplexing, and when the Barker code of 13 chips is used, the correlated 
value is divided by 13 + k -2. However, It is possible that the circuit scale for division becomes large. For example, if 
the data output from the correlator is represented by 8 bits, assume that three pieces of data are to be added to cancel 
interference from another station multiplexed. At that time, the number of bits after addition will be 10 bits, increased 

40 by 2 bits. If the data having this bit number is to be divkied, the divisor will be 11 - 3 -i- 2 = 10. Such division is disad- 
vantageous in the following two points. 

[0724] The first is that division of data by 10 requires considerable amount of operation, for example, processing by 
a CPU. This leads to increased circuit scale and difficulty in high speed operation. Another problem is that the result 
of operation 'will have 10 or more bits, in order to realize accurate calculation. Thereafter, data demodulation is per- 
^ formed, and if the result of division Is used as It is for this data demodulation operation, a data demodulating portipri: 

which operates with'muitiple bits (of at least 1 0 bits) is necessary. This means that the circu it scale of the demodulating •^i.^fr;^^ 
portion is enlarged. In order to prevent this problem, processing such as grounding of the results of division by 10, so 
as to reduce the number of digits to 8 bits becomes necessary. 

[0725] Fig. 104 shows an embodiment solving the above described problem. Referring to Fig. 104, of k bits of a 
so signal output from adder 756, a least significant 3 bits are removed and k - 3 bits are input to the adder/subtractor 
shown in Fig. 80 or 94, In an operation of 2 bits, removal of the lower 1 bit means division by 2. Removal of 2 bits is 
equivalent to division by 4. Therefore, removal of 3 bits is equivalent to division by 8. By providing adder756, the circuit 
scale can be significantty reduced. Since the performance of the cancellation is degraded to some extent as lower 3 
bits are removed, the division operation can be significantly simplified. When Barker code of 13 chips is to be used, 
55 the tower 4 bits may be removed, that is, divided by 16. 

[0726] Fig. 105 shows a sixty-second embodiment of the present invention. Referring to Fig. 105, the spread spec- 
trum signal received by an antenna, not shown, is applied to a gain control amplifier 761 . so that the amplitude level 
of the reception signals is kept constant. The output from gain control amplifier 761 is applied to frequency converters 
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762 and 763, has its frequency converted by the Icxal signal from oscillator 764 to be turned to I and Q baseband 
signals, which are applied to A/D converters 765 and 766 to be digital data, which are applied to correlators 767 and 
768, whereby correlation peak is detected. The output from correlators 767 and 768 are passed to operating portion 
769 where root of square sum is calculated, and applied to correlation synchronizing and latch portion 770. The output 

s from correlators 767 and 768 are also applied to correlation synchronizing and latch portion 770, where correlation 
synchronization is performed, the data is latched and thereafter applied to data processing portion 771. The data 
processing portion performs data processing such as described above, and the output therefrom is applied to compa- 
rator 772 and compared with an optinnal value. The output from comparator 772 is applied to control circuit 774 through 
a filter 773. and the gain of gain control amplifier 761 is controlled. 

10 [0727] According to this embodiment, the correlated outputs which varied between 7 to 15 conventionally can be 
suppressed, or the output can be all converged to the same value, whereby residual fluctuation related to AGC can 
be reduced or eliminated. 

[0728] Fig. 106 is a block diagram showing an improvement of the embodiment shown in Figs. 79 and 80. 
[0729] The example shown in Fig. 80 requires n bits of selectors 61 7 to 620, and it Is necessary to switch the selectors 

IS 61 7 to 620 in accordance with the pattern of coaelation. 

[0730] By contract, in the example shown in Fig. 106, selectors 617 to 620 are unnecessary. More specifically, D 
type flipflops 701 to 706 constitute shift register, outputs from D type flipflops 784 and 785 are added in adder 790, 
and the added output is further added to the output from D type flipflop 703 by adder 709. Further, the output from 
adder 709 is added by adder 708 to the output of D type flipflop 702. and the added output Is further added to the 

20 output of D type flipflop 701 by adder 707. The added output from adder 707 is divided by the length of the spread 
code by means of divider 792, and latched in D type flipflop 793. The output from the latch is added to the correlated 
value to be demodulated, which is the output from D type flipflop 706, by adder 71 . 

[0731] Fig. 107 is a timing chart of the clock signal for operating the operator shown in Fig. 106. The operation of 
Fig. 106 will be described with reference to Fig. 107. In Fig. 107, CLK shown by (a) represents the systerp clocks. 

2S BSCLK shown by (b) is the clock signal indteating the head of the data constituting a block, and SCLX is a ckx:k signal 
showing correlation. When BSCLK becomes active, correlated values held in D type flipflops 701 to 706 are output, 
when SCLK becomes active, addition by adders 790, 789, 788 and 787 is performed and division by divider 72 is 
performed, and the resulting value Is held in D type flipflop 793. The output from D type flipflop 793 is added to the 
correlated value of D type flipflop 706 by adder 791 and output. When BSCLK becomes active the next time, the data 

30 latched in D type flipflops 781 to 786 are the data of the next block, the result of addition is again updated, and the 
same operation is repeated. Therefore, selection of data used for cancellation becomes unnecessary, data selector 
becomes unnecessary, and hence control thereof becomes unnecessary. 

[0732] For better understanding, the actual demodulation data will be described. Correlation outputs when there is 
not any Inflilience of noise or the like other than the auto-correlation side bbes are as follows. ft^i' 

55 .... -11, 13. -11, -11, 13, -9, -9, 15, -9. -9, 7. 7, 7. 7, 7..., 

[0733] For convenience, each block is put in parenthesis. 

...,) (-11, 13, -11, -11, 13,) (-9, -9. 15. -9, -9,) (7, 7, 7. 7. 7,) (.... 
[0734] Elements for cancelling the side lobes of the data listed above are as follows. When the flrst block, that is, (- 
11. 13, -11, -11, 13.) is to be demodulated, the sum obtained at adder 707 shown in Fig. 106 is -7. and if it is divided 

40 by the length of the spread code 1 1 , the resulting value is about -0.64. When this value Is added to each of the correlated 
values, the flrst block will be (-11.6, 12.36, -11,6, -11.6, 12.36). Similarly, in the next block, the sum of addition is -21 
and the result of division is about -1.91. If this value is added to the correlated values, the result will be (-1 0.91 , -1 0.91 . 
13.09, -10.91, -10.91), and the next bkx^k after operatk^n will be (10.18, 10.18, 10.18. 10.16. 10.18). Clearly, there Is 
an improvement. 

4S [0735] Thought the divider 792 divides the conrelated value by 11 in the above "description, when it is divided by 7. 
the data after cancellation all come to have the absolute value of 12, and hence the influence pf^auto-correlation skie 
lobe can be completely eliminated. 

[0736] In a spread spectrum receiver, when the correlation peak of the received signal is spread, error rate becomes 
higher at a signal point near the boundary of determination, and by this influence, the general error rate characterlstbs 
so Is degraded. 

[0737] In the following, an embodiment will be described which suppresses the spread of the correlation peak caused 
by multiplexing, and which suppresses degradation of error rate characteristics caused by interference at the time of 
multiplexing. 

[0738] Fig. 108 is a bkxk diagram showing such an embodiment. Referring to Fig. 108, the multiplexed spread 
ss spectrum signal is received by reception antenna 102, passed to frequency converting circuit 104 to be output as 
baseband I signal 106 and Q signal 108, which are applied to A/D converter 110. A signal 112 of multiplexed spread 
symbol which is an object of cancellation is output and applied to multiplex signal removing circuit 120. Meanwhile, 
the determined data which is the output from determining circuit 1 1 6 is applied to spread symbol estimating circuit 1 20. 
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Spread symbol estimating circuit 120 estimates the spreading symbols 122 before and after the point of cancelling by 
using determination data 118, which estimated symljols are Input to multiplexed signal removing circuit 1 24. Multiplexed 
signal removing circuit removes the multiplexed spreading symbols to be cancelled, which are estimated from the 
multiplexed spreading symlDol which is the object of cancellation. The cancelled spreading symbol 126 from which the 
multiplexed signals have been removed by multiplexed signal removing circuit 124 is input to correlator 1 28, and cor- 
relation peak is output. The obtained correlation peak is input to determination circuit 130 and determined, and de- 
modulated data 132 with the multiplexed signals renrK>ved is output from detenmining circuit 130. 
[0739] Fig. 109 shows a structure of the multiplexed signal removing circuit shown in Fig. 108. Referring to Fig. 109, 
the multiplexed spreading symbol 112 which Is to be cancelled output from A/D converting circuit 1110 is input to delay 
circuit 158 where Its timing is adjusted, and Input to subtracting circuit 160 as an additional value, (y^eanwhile. the 
spreading symbol 122 to be cancelled esttmatecl^by the spread symbol estimating circuit 120 is input to delay circuit 
142, and correlated to a set of 11 chips of spread symbol. Delay circuits 144 to 156 are serially connected to delay 
circuit 142, the spreading symbol of 11 chips is successively passed to the delay circuits 142 to 156 which provide 
delay of 2 or 3 chips, and input as subtraction value to subtraction circuit 160 In the form of spreading symbols to be 
cancelled, from respective outputs of the delay circuits. Subtracting circuit 160 subtracts the subtraction input from the 
chips corresponding to the multiplexed spreading symbol which is to be cancelled, and outputs a cancelling spreading 
symbol 126. 

[0740] Fig, 110 shows the processing operation of the spreading symbol estimating circuit shown In Fig. 108. The 
correlator shown in Fig. 108 despreads the n-th symbol, as described above, and the sign (negative/positive) of thus 
obtained correlation peak symbol is determined by determining circuit 116, and using the data of negative/positive (±1 ) 
obtained in this manner, spread symbol estimating circuit 120 performs spreading, using the Barker code. More spe* 
cifically, a shift register is used as the spreading symbol estimating circuit, the Barker code of 1 1 bits Is set in accordance 
with "HTL' level, and it may be adapted that when data is -i-l, 11 bits of data are output successively, and if the data 
is -1 , the data Is Inverted and output. 

[0741] Fig. Ill shows the operation of the multiplexed signal rennoving circuit shown in Fig. 108. The spreading 
symbol 122 to be cancelled including 11 chips, output from spreading symbol estimating circuit 120 is successively 
input to delay circuits 142 to 156 shown in Fig. 109 as a set of 11 bits, and every time a new estimated symbol is input, 
shifted as a set of 11 bits. Therefore, constantly, preceding four and succeeding four of the multiplexed spreading 
symbols 112 to be cancelled are held. When there is not any noise between transmission/reception, the multiplexed 
spreading symbol 1 1 2 to be cancelled is the same as the multiplexed signal. The spreading symbol 1 20 to be cancelled 
is delayed, as it has passed through correlator 114, detemnining circuit 130 and spreading symbol estimating circuit 
120. Therefore, to be timed therewith, the multiplexed spreading symbol 112 to be cancelled is also passed to delay 
circuits 142 to 156. Further, subtracting circuit 160 performs an operation reverse to the multiplexing operation, for 
cancelling. The process is as shown in Fig. 111. 

[0742] The spreading symbol estimating circuit 1 20 is provided in each system for the I and Q signals. The operation 
of estimation and removal described heretofore are all performed for I and Q signals Independent from each other. 
[0743] As described above, in accordance with the sixty-fourth embodiment, the multiplexed signal multiplexed on 
the demodulation symbol Is estimated and cancelled, and hence degradation of error rate characteristic caused by 
interference at the time of multiplexing can be suppressed. 

[0744] Fig. 112 is a block diagram showing the sixty-fifth embodiment of the present invention. In the embodiment 
shown in Fig. 108, determination data of the received signal provided by determining circuit 116 Is used to estimate 
preceding and succeeding spreading symbols multiplexed on the symbol to be demodulated by spreading symbol 
estimating circuit 120, and the multiplexing signals are cancelled by multiplexed signal removing circuit 124. In the 
sixty-fifth embodiment shown in Fig. 112, determination data of the received signal, and determination data after can- 
cellation of the multiplexed signals are both used to estimate the preceding and succeeding spreading symbols mul- 
lipTdxed on the symbol to be demodulated, whereby the multiplexed signals are cancelled. . 
[0745] Therefore, structures from the reception antenna 102 to determining circuit 1 30 are similar to those shown In 
Fig. 108. From spreading symbol estimating circuit 120, the succeeding spreading symbol to be cancelled is output 
and applied to multiplexed signal removing circuit 1 24. By contrast, the preceding spreading symbol 1 31 to be cancelled 
positioned preceding in time the multiplexed spreading symbol 112 to be cancelled is applied from spreading symbol 
estimating circuit 134 to multiplexed symbol removing circuit 124. Spreading symbol estimating circuit 134 estimates 
the correlation peak obtained through correlator 128 from the output from multiplexed signal removing circuit 124, using 
the demodulation data determined by the determining circuit 1 30. The multiplexed signal removing circuit 1 24 removes 
the spreading symbol to be cancelled, which has been multiplexed, estinnated from the multiplexed spreading symbol 
to be cancelled. The cancelled spreading symbol 126 with the multiplexed signal removed is input to correlator 128 as 
in the embodiment shown in Fig. 108, the obtained correlation peak is determined by determining circuit 130, and 
demodulated data 1 36 with the multiplexed signal removed is output. 

[0746] Fig. 113 is a block diagram showing a specific example of the multiplexed signal removing circuit shown in 
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Fig. 109. As in Fig. 109, the multiplexed spreading symbol 112 to be cancelled output from A/D converting circuit 110 
has its timing adjusted by delay circuit 166. and it is input to subtracting circuit 160 as an addition value. Meanwhile, 
delay circuits 152, 154 and 156 are connected in series, and the succeeding spreading symbol 122 to be cancelled 
estimated by spreading symbol estimating circuit 120 is input to delay element 152 as a set of 11 chips of spread 
s symbols, and successively delayed. 

[0747] Delay elements 158, 160. 162 and 164 are connected in series, the preceding spreading symbol 138 to be 
cancelled is input to delay element 1 58 as a set of 1 1 chips of spread symbols, and successively delayed. The spreading 
symbol to be cancelled is Input as a subtraction value to subtraction circuit 160 from each of the delay elements 158 
to 1 64, subtracting circuit 1 60 subtracts the substraction input from the chip corresponding to the multiplexed spreading 
symbol to be canceled, and outputs a cancelled spread symbol 1 62. 

[0748] Fig. 114 is a block diagram showing a structure of the multiplexed signal removing circuit In accordance with 
the sixty-sixth embodiment of the present Invention. In Rg. 114. the structure is the same as that shown in Fig. 110 
except the amplitude adjusting circuit 168. Amplitude adjusting circuit 168 adjusts and inputs to the subtracting circuit 
160, the amplitude of the spreading symbol to be cancelled, in accordance with amplitude fluctuation of the signal 112 

IS of the multiplexed spreading symbol to be cancelled. In this manner, as the amplitude of the spreading symbol to be 
cancelled is adjusted by the amplitude adjusting circuit 168, the multiplexed signal can be removed not affected by 
amplitude fluctuation of the symbol signal 112 of the multiplexed spread signal to be cancelled. 
, [0749] Fig. 115 is a block diagram of the multiplexed signal removing circuit in accordance with the sixty-seventh 
embodiment of the present inventton. In the embodiment shown In Fig. 115, the structure is the same as that shown 

20 in Fig. 113 except the amplitude adjusting circuit 168. The amplitude adjusting circuit 168 operates similarly to the one 
shown In Fig. 114, namely, adjusts the amplitude of the spreading symtxsl to be cancelled In accordance with the 
amplitude fluctuation of the signal 1 1 2 of the multiplexed spreading symbol to be cancelled, and inputs it to subtracting 
circuit 160. Therefore, multiplexed signal can be removed without any influence of amplitude fluctuation of the signal 
1 12 of the multiplexed spread symbol to be cancelled. 

2S [0750] Fig. 116 is a block diagram of the multiplexed signal reniovlng circuit in accordance with the sixty-eighth 
embodiment of the present invention. In the embodiment shown in Fig. 116, amplitude adjusting circuit 172 is provided 
in the preceding stage of delay circuit 1 70. Amplitude adjusting circuit 1 72 adjusts the amplitude fluctuation of the signal 
1 1 2 of the multiplexed spreading symbol, and inputs it to subtracting circuit 1 60 to delay element 1 70. In this embodiment 
also, multiplexed signal can be removed without any influence of output fluctuation. 

30 [0751] Fig. 1 1 7 is a block diagram showing the multiplexed signal removing circuit in accordance with the sixty-ninth 
embodiment of the present rnventk)n. This embodiment is structured similar to that shown In Fig. 113 except the am- 
plitude adjusting circuit 172. Amplitude adjusting circuit 172 adjusts the amplitude fluctuation of the signal 112 of the 
multiplexed spreading symbol to be cancelled in the similar manner as in the embodiment of Fig. 116, and inputs it to 
subtracting element 166 through delay circuit 160. Thus the multiplexed signal is removed without any influence of 

3S amplitude fluctuation. 

[0752] Fig, 118 shows results of computer simulation of the improvement of error rate characteristic when the sixty- 
fifth embodiment of the present invention is implemented. Referring to Fig. 1 1 8, at the bit error rate of BER = 1 0^, with 
respect to the characteristic when multiplexing is not performed, there is degradation of 7.0 dB corresponding to the 
increase in power caused by multiplexing by 5 and degradation of 2.3 dB corresponding to the interference of multi- 
plexing. Namely, a total degradation of 9.3 dB is observed in the conventional denrKxJulation method. By contrast, when 
the embodiment of the present invention is implemented, there is an improvement of 2.1 dB which corresponds to the 
interference of multiplexing. In this manner, since the multiplexed preceding and succeeding spreading symbols are 
cancelled by the present embodiment, the correlation peak does not spread because of multiplexing, and degradation 
in error rate characteristic caused by interference at the time of multiplexing can be suppressed. Therefore, high speed 
45 data transmission is realized by multiplexing, 'vtfhile error rate comparable to the case where there is no interference 
cause by multiplexing can be obtained. :^ - 

[0753] Fig. 1 1 9 is a block diagram showing the seventieth embodiment of the present invention. In this embodiment, 
mean value coordinate after differential demodulation is calculated, the mean coordinate value is subtracted from the 
data to be determined, and thereafter data determination is carried out 

so [0754] Referring to Fig. 119, receptton antenna 102, frequency converting circuit 104, A/D converting circuit 110, 
correlator 114 and determining circuit 178 are the same as those shown in Fig. 108. Between correlator 114 and 
determining circuit 1 78, differential demodulating circuit 1 72, subtracting circuit 1 74 and mean coordinate value memory 
circuit 176 are provided. Memory circuit 176 may be formed by a switch circuit or a memory circuit, and it applies a 
mean coordinate value to subtracting circuit 1 74. Subtracting circuit 1 74 subtracts the mean coordinate value applied 

ss from mean coordinate value memory circuit 176 from the output signal of differential demodulating circuit 172, and 
applies the results to determining circuit 179. Determining circuit 179 determines whether the sign is positiveAiegatlve 
with respect to I and Q signals, and thus demodulated data 132 is obtained. 

[0755] The conditions descried with reference to the prior art example will be described. The correlated value of the 



50 



BP 1 058 399 A2 



output from correlator 1 14 is any of ±7, ±9, ±1 1 . ±1 3 and ±1 5 for each of the I and Q signals, because of interference 
at the time of multiplexing. When viewed on the IQ phase plane, the number of signal points of each quadrant is 25 
points, and distribution is the same in any quadrant provided that the demodulatfon data is random. 
[0756] In the example shown in Fig. 119, two continuous signal points provide a transitional pattern with a specific 
5 high possibility, as eight or ninth chips out of 11 chips of inputs to correlator 114 are the same. As for the examples of 
the transitional patterns, the highest possible transition when the sign is not changed from correlated values 9, 11 and 
13are9-»9, 11->11 and13->13. When the sign is changed, the highest possible transmission is 9-4-15, 11->-13and 
13-4-11. 

[0757] Fig. 120 shows difference in the amount of phase rotation obtained after differential demodulation, when the 
10 transition is 11-4-11 where the value on the I axis does not suffer from interference at the time of multiplexing, and 
when transition is 11->-13 because of the interference caused at the time of multiplexing. From Fig. 120. it can be 
understood that the amount of phase rotation of the latter is larger than the fomier. Because of the influence of several 
transition patterns, on the IQ phase plane after differential demodulation, arrangements of signal points with high pos- 
sibility differ from quadrant to quadrant, and hence symmetry with respect to quadrants is lost. 
IS [0756] Fig. 121 shows distribution of signal points after differential demodulation where S/N = 18 dB. As is apparent 
from Fig. 12, negative portion of the I and Q axes are close to the signal points in the second and fourth quadrants, 
and there Is not a central boundary for determination between the distributions of the signal points. In order to obtain 
this, possibility of generation of signal points in all the quadrants is calculated, assuming random data, and considering 
the possibility of generation, mean signal point coordinate is calculated, which is (^0.4. -30.4), whereby the amount 
20 of shift from the origin is obtained. In this embodiment, the mean coordinate value is set in the mean coordinate value 
memory circuit 176, and it is subtracted from the output signal from differential demodulating circuit 172 by means of 
subtracting circuit 1 74. whether the sign of the I and Q signals are positlveAiegative is determined by determining circuit 
178 as in the prior art, and demodulated data 1 5 is obtained. 

[0759] Fig. 1 22 is a block diagram showing a seventy-first embodiment of the present invention. In this embodiment, 
2S the magnitude of the output signal from differential .demodulating circuit 1 72 is determined by determining circuit 1 78 
using the means coordinate value from mean coordinate value memory circuit 1 76 as a reference. In this embodiment, 
the mean coordinate value calculated in the same manner as in the embodiment shown in Fig. 119 may be set in the 
mean coordinate value memory 176. 

[0760] As described above, in the embodiment shown in Figs. 119 and 122, the boundary for determination is ar- 
30 ranged at the center of the signal point distribution, and therefore, the point which tends to be en^oneously determined 
can be eliminated, and degradation In error rate can be suppressed. As a result, degradation in en-or rate caused by 
multiplexing can be suppressed while high speed data transmission is realized by multiplexing. 
[0761] Although the present invention has been described and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is not to be taken by way of limitatbn, the spirit and scope of the 
3S present invention being limited only by the terms of the appended claims. 



Claims 

40 1. A spread spectrum communication apparatus, comprising: 

a reception antenna (102) for receiving a transmission signal; 

frequency converting means (104) for frequency converting the signal received at said reception antenna by 
a frequency in synchronization with transmission frequency to baseband I and Q signals; 
4S converting means (1 1 0) for converting the baseband 1 and Q signals frequency converted by said frequency 

converting means to digital signals; 

first correlating means (114) for correlating an output from said converting means with a predetermined code; 
first determining means (116) for determining an output from said first correlating means and outputting de- 
modulated data; 

so spread symbol estimating means (120) for estimating, using determination data of the output of said first de- 

termining means, preceding and succeeding spread symbols multiplexed on a multiplexed spread symbol to 

be cancelled; 

multiplexed signal removing means (124) for cancelling, by subtracting preceding and succeeding spread 
symbols to be cancelled multiplexed on the multiplexed spread symbol to be cancelled, by adjusting through 
ss successive delay timings of the spread symbol to be cancelled of the output from said spread symbol estimating 

means and timing of the multiplexed spread symbol to be cancelled of the output from said converting means; 
second correlating means (121 ) for correlating an output from said multiplexed signal removing means and a 
predetermined code; and 
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second determining means (1 30) for determining an output from said second correlating means and providing 
demodulated data. 

The spread spectrum communication apparatus according to claim 1 , further comprising: 

second spread symbol estimating means (134) for estimating preceding spread symbol multiplexed on a 
multiplexed spread symbol to be cancelled, by using an output from said second determining means. 

The spread spectrum communication apparatus according to claim 1, wherein 
said multiplexed signal removing means includes 

a plurality of first delay means (142-156) for successively delaying timing of a spread symbol to be cancelled 
of the output from said spread symbol estinnating means; 

second delay means (1 58) for delaying timing of the multiplexed spread symbol to be cancelled of the output 
from said converting means; and 

subtracting means (160) for subtracting the spread symbol to be cancelled delayed by said plurality of first 
delay means from the multiplexed spread symbol to be cancelled delayed by said second delay means. 

The spread spectrum communication apparatus according to claim 3, further comprising 

amplitude adjusting means (168) for adjusting amplitude level of the spread symbol to be cancelled delayed 
by said plurality of first delay means such that it has a level obtained by dividing amplitude level of said multiplexed 
spread symbol to be cancelled by the number of multiplexing. 

The spread spectrum communication apparatus according to claim 1, wherein 
said multiplexed signal removing means includes 

amplitude adjusting means (172) for adjusting amplitude level of said multiplexed spread symbol to be can- 
celled of the output of said converting means such that it Is ten and several times of the amplitude level of the 
spread symbol to be cancelled, 

a plurality of first delay means (1 42-1 56) for successively delaying timing of the spread symbol to be cancelled 
of the output of said spread symbol estimating means, 

second delay means (170) for delaying the output from said amplitude adjusting means, and 
subtracting means (160) for subtracting the spread symbol to be cancelled delayed by said plurality of first 
delay means, from the multiplexed spread symbol to be cancelled delayed by said plurality of second delay 
means. -''^ 

A method of direct spread spectrum communication, in which a signal spread by one same spread code is delayed 
by arbitrarily several chips by several chips and multiplexed for transmission, a code, of which autocorrelation 
side lobe is determined uniquely by a value of either preceding or succeeding data regardless of auto-correlatton 
of odd or even correlation, is used as said spread code. 

with a correlation to be cancelled being the center, correlations of data timings of (number of multiplexing - 
1 ) are held preceding and succeeding the correlatbn to be cancelled, said preceding or succeeding data is selected 
to select and add correlated values of preceding data and succeeding data determined uniquely, result of addition 
Is divided by a division rate, and the correlation value to be cancelled Is added to/subtracted from the result of 
division, whereby auto/correlation side lobe is cancelled. 

The method of spread spectrum communication according to claim 6. wherein 

when said correlated values are divided into blocks by the number of multiplexing and one of the blocked data 
Is to be cancelled, the amount of delay is controlled such that all the combinations of preceding and succeeding 
data are processed In one block, 

said correlations corresponding to the block are held, correlated values other than the signal to be cancelled 
are selected and added, the result of addition is divided by said spread rate, and the correlation value to be 
cancelled Is added to/subtracted from the result of division, so that autocorrelation side lobe is cancelled. 

The method of spread spectrum communication according to claim 7, wherein 

when Barker code of 11 chips which has a sign opposite to a signal used as a reference for cancelling the 
auto-correlation side lobe Is used for division and the number of multiplexing Is k. the deviser is 11-k+2. and, 
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when a Barker code of 13 chips which has the same sign as the signal used as a reference for cancelling said 
auto-correlatlon side lobe, and the number of multiplexing is k, the deviser is 13+k-2. 

9. The method of spread spectrum communication according to claim 6, when demodulation is performed by using 
PDI, at a demodulation timing used for PDI, in order to cancel said auto-correlation side lobe, with correlation 
corresponding to the PDI to be cancelled being the center, preceding and succeeding data timing correlations 
corresponding to the number of multiplexing are held, correlation values of uniquely determined preceding data, 
succeeding data are selected and added, the result of addition is divided by said spread rate, and the result of 
division is added to/subtracted from the correlated value of the timing of the PDI to be cancelled, whereby auto- 
correlation side lobe is cancelled. 

10. The method of spread spectrum communicatbn according to claim 6, wherein 

when said correlated values are divided into blocks by the number of multiplexing and one of the block data 
is to be cancelled. 

all the data of the bkxk to whteh said data to be cancelled belongs are added, the result of addition is divided 
by said spread rate, and the correlated value to be cancelled is added to/subtracted from the result of division, 
whereby auto-correlation side lobe is cancelled. 

11. The method of spread spectrum communication according to claim 10, wherein 

when a Barker code of 11 chips having a sign opposite to a signal used as a reference for cancelling auto- 
correlation side lobe is used as the spread code for division and the member of multiplexing is k, the deviser 
is11-k+1,and 

when a Barker code of 1 3 chips having the same sign as the signal used as a reference for cancelling auto- 
correlatton side lobe and the number of multiplexing Is k, the deviser is 1 3+k-1 . 

12. The method of spread spectrum communication according to claim 8, wherein 

when said 11 chip Barker code is used, said deviser is set to 8, and division is performed by shifting data 3 
bits by 3 bits with the least significant Sbits removed, and 

when said 13 chip Barker code is used, deviser is set to 16 and division is performed by shifting data 4 bits 
by 4 bits with the least significant 4 bits removed. 

13. The method of spread spectrum communicatbn according to claim 6, wherein 

amplitude level of a reception signal is controlled by varying gain, an output therefrom is digitized and quan- 
tified, 

gain is controlled by said correlated output, and the correlated output used as a reference Is a correlated output 
after cancelled of said auto-correlation side bbe. 

14. A spread spectrum communication apparatus, comprising: 

serial/parallel converting means (5) for converting a data sequence to a plurality of parallel signals; 
spread code generating means (7) for generating a spread code; 

multiplying means (11-17) for multiplying the plurality x>f parallel signals converted by said serial/parallel con- 
verting means by the spread code generated from said spread code generating means for generating a plurality 
of spread signals; 

modulating means (1 9-25) for modulating the plurality of spread signals output from said multiplying means 
for generating a plurality of intermediate frequency signals; 

delay means (27-33) having a plurality of different delay times for delaying the plurality of intermediate fre- 
quency signals generated from said modulating means by said plurality of different delay times, for generating 
a plurality of delayed signals; and 

transmission signal output means (35-39) for combining the plurality of delayed signals output from said delay 
means and for transmitting as a transmission signal; wherein 

said plurality of different delay times have an arbitrary time difference of at least 1 chip from each other. 

15. A spread spectrum communication apparatus, comprising: 
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serial/parallel converting nneans (5) for converting a data sequence to a plurality of parallel signals; 
spread code generating means (7) for generating a spread code; 

multiplying means (11-17) for multiplying the plurality of parallel signals converted by said serial/parallel con- 
verting means by the spread code generated from said spread code generating means, for generating a plu- 
rality of baseband spread signals; 

delay means (27-33) having a plurality of different delay times for delaying said plurality of spread signals by 
said plurality of different delay times for generating a plurality of delayed signals; and 
transmission signal output means (35-39) for combining and outputting as a transmission signal the plurality 
of delayed signals delayed by said delay means; wherein 

said plurality of different delay times have an arbitrary time difference of at least 1 chip from each other. 

16. A spread spectrum communication apparatus, comprising: 

serial/parallel converting means (5) for converting a data sequence to a plurality of baseband parallel signals; 
first delay means (61-67) having a plurality of different delay times, for delaying the plurality of parallel signals 
converted by said serial/parallel converting means by said plurality of delay times for generating a plurality of 
delayed parallel signals; 

spread code generating means (7) for generating a spread code; 

second delay means (69-75) having the same plurality of delay times as said plurality of different delay times, 
for delaying the spread code generated from said spread code generating means by said plurality of delay 
times for generating a plurality of delayed spread codes; 

multiplying means (1 1 -1 7) for multiplying the plurality of delayed parallel signals generated from said first delay 
means by the plurality of delayed spread codes output from said second delay means, for generating a plurality 
of spread signals; and 

transmission signal output means (19-25, 35-39) for combining and outputting as a transmission signal the 
plurality of signals based on the plurality of spread signals output from said multiplying means; wherein 
said multiplying means multiplies said delayed parallel signal and said delayed spread code having the same 
delay times, and 

said plurality of different delay times have an arbitrary time difference of at least 1 chip from each other. 

17. A spread spectrum communication apparatus, comprising: 

serial/parallel converting means (5) for converting a data sequence to a plurality of parallel signals; 
latch means (81-87) for latching said plurality of parallel signals for generating a plurality of latch signals; 
spread code generating means (7) for generating a spread code; 

delay means (71-75) having a plurality of different delay times, for delaying the spread code generated from 
said spread code generating means by said plurality of different delay times for generating a plurality of delayed 
spread codes; 

^ multiplying means (11-17) for multiplying the plurality of latch signals latched in said latch means by the delayed 
spread codes output from said delay means, for generating a plurality of delayed spread signals; 
transmission signal output means (1 9-25, 35-41) for combining and outputting as a transmission signals, the 
signals derived from said plurality of delayed spread signals generated by said multiplying means; and 
latch control means (89) for generating a plurality of latch control signals which have same timing as start chip 
of corresponding ones of said spread codes; wherein 

said latch means latches the plurality of parallel signals converted by said serial/jparailel converting means in 
accordance with fe^ld'plurallty of latch control signals, whereby timings of said plurality of latch signals multiplied 
by said multiplying means and timings of the plurality of delay spread codes output from said multiplying means 
are matched, and 

said plurality of different delay times have an arbitrary time difference of at least 1 chip from each other 

18. The spread spectrum communication apparatus according to any of claims 14 to 17, further comprising; 

differential decoding means (3) provided in a preceding stage of said serial/|parall6l converting means for 
differentially decoding said data sequence, and 

receiving means including demodulating means (125. 421) for performing demodulation based on received 
said transmission signal; 

wherein 
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said demodulating means includes 

deferential deccxiing means (1 25) for performing differential decoding using the signal based on said trans- 
mission signal for generating a differential decoding signal having a time spread, and 
integrating means (421 ) for integrating the differential decoding signal generated from said differential decod- 
ing means in a prescribed time range. 

1 9. The spread spectrum communication apparatus according to any of claims 1 4 to 1 7, further comprising: 

first parallel/delay control means (435) for setting number of the plurality of parallel signals to be output from 
said serial/parallel converting means and for setting the plurality of different delay times of said delay means in 
accordance with environment of use. 

20. The spread spectrum communication apparatus according to any of claims 14 to 17, comprising: 

data generating means (431) for generating said data sequence with data rate varied in accordance with 
information content; and 

second parallel/delay control means (453) for setting number of the plurality of parallel signals to be converted 
by said serial/parallel converting means and the plurality of different delay times of said delay means such 
that constant symbol rate Is maintained regardless of variation of said data rate. 

21 . The spread spectrum communication apparatus according to any of claims 1 4 to 1 7, further comprising 

means (435) for setting said plurality of delay times such that adjacent ones of said multiplexed plurality of 
signals have constant time difference. 

22. A spread spectrum communication apparatus for transmission/reception using spread spectrum communication 
in such a data format that has a known data portion at a preamble portion, comprising: 

correlating means (531 ) for correlating a reception signal and a predetermined code; 

detecting means (534) for detecting said known data portion from the signal correlated by said correlating 

means; 

known data portton output means (533) for outputting in advance a correlated output of said known data portion; 
and 

delay profile calculating means (533) for outputting correlated signal at the time of actual measurements of 
said data detecting portion based on a detection signal from said detecting means, for comparing the output 
signal with the correlated output from said data known portion output means, and for generating a delay profile 
indicating state of the delay signal. 

23. The spread spectrum communication apparatus according to claim 22. further comprising: 

delay spread calculating means (662) for calculating delay spread from the delay profile calculated by said 
delay profile calculating means, for generating various delay characteristics based on a predetermined theoretical 
expression, from the calculated value. 

24. The spread spectrum communication apparatus according to claim 22, further comprising: 

integrating means (654) for integrating at every spread period timing, difference signal between two signals 
compared by said delay profile calculating means, and providing its output as the delay profile. 

25. The spread spectrum communication apparatus according to claim 21 , further comprising: 

filter means (655) for filtering, at same spread period timing, a difference signal between two signals com- 
pared by said delay profile calculating means, and providing its output as the delay profile. 

26. A spread spectrum communicatbn apparatus for transmisslon/receptbn using spread spectrum communication 
in such a data format that has a known data portton at a preamble portion, comprising: 

correlating means (531 ) for correlating a reception signal with a predetermined code; 

detecting means (534) for detecting said known data portion from the signal correlated by said correlating 

means; 

delay profile calculating means (533) for calculating a delay profile indicating state of a delay signal from that 
the known data portion detected by said detecting means; and 

means (543, 544) for determining setting of path diversity based on the delay profile calculated by said delay 
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profile calculating means. 

27. A spread spectrum communication apparatus for transmission/reception using spread spectrum communication 
in such a data format that has a known data portion at a preamble portions, comprising: 

correlating means (531 ) for correlating a reception signal with a predetermined code; 

detecting means (534) for detecting said known data portion from the signal correlated by said correlating 

means; 

delay profile calculating means (533) for calculating a delay profile indicating state of the delay signal from 
the known data portion detected by said detecting means; and 

means (546) for determining setting of a multipath canceler from the delay profile calculated by said delay 
profile calculating means. 

28. The spread spectrum communication apparatus according to claim 27. wherein 

said means fordetemnining setting of saki multipath canceler includes subtracting means (671 ) for calculating 
a signal component at a delay amount corresponding to a data demodulatbn timing of said delay profile cateulated 
by said delay profile calculating means in accordance with demodulating data component, and subtracting it, from 
correlated output of timing portion used for demodulation of data other than said known data portion, based on 
the detection signal from said detecting means. 

29. The spread spectrum communication apparatus according to claim 28, further comprising: 

storing means (674) for storing a reference value for determining whether subtraction is to be performed Of 
not, and 

said subtracting means does not subtract said calculated signal when it,ts smaller than the reference value 
stored in said storing means. 

30. The spread spectrum communication apparatus for transmission/reception using spread spectrum communication 
In such a data format that has known data portion at a preamble portion, comprising: 

correlating means (531 ) for correlating a reception signal with a predetermined code; 

detecting means (534) for detecting said known data portion from the signal correlated by said correlating 

means; 

known data portion outf^Cit means (532) for outputting in advance a correlated output of said known data portion; 
delay profile calculating means (533) for calculating a delay profile indicating a state of a delay signal from 
the correlating output of saki known data portion output means; and 

modulating/demodulating means (548) for delaying, combining and multiplexing said data, for detemiining 
number of multiplexing and anrK>unt of delay based on the delay profile output from said delay profile calculating 
means. 

31. The spread spectrum communication apparatus according to claim 30, further comprising: 

interference amount storing means (682) for storing in advance an amount of interference corresponding to 
an error rate required in a communication link; wherein 

said modulating/demodulating means catoulates amount of interference at a data transmissloa timing based 
^>'M-:A-K-qn the calculated value of said delay profile, and selects number of multiplexing amount of delay which ^r^ 
optimal and not exceeding the value stored in said interference amount storing means. 

32. A spread spectrum communication apparatus for transmission/reception using spread spectrum communication 
in such a data format that has a known data portion at a preamble portion, comprising: 

correlating means (531) for correlating a reception signal with a predetermined code; 

detecting means (534) for detecting said known data portion from the signal correlated by said correlating 

means; 

data known portion output means (532) for outputting in advance, a con'elated output of said known data 

portion; and 

modulating/demodulating means (680) not performing multiplexing at the known data portion output from said 
data known portion output means and subsequent specific data portion, and for multiplexing by delaying and 
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combining data at a subsequent specific portion. 

33. The spread spectrum communication apparatus according to claim 32, wherein 

the number of multiplexing amount of delay determined by said modulating/demodulating means are trans- 
mitted inserted as information to the specific data portion to be multiplexed, and 

on receiving side, the number of multiplexing and the amount of delay are Identifieci by the data of this portion, 
and demodulation is performed accordingly. 

34. The spread spectrum communication apparatus according to claim 33. wherein 

said spread spectrum communication apparatus is a system allowing bidirectional communication, and 
detemnination and insertion of said number of multiplexing and the amount of delay to the data portion are 
performed in one direction, and the number of multiplexing and the amount of delay are shared by both direc- 
tions. 

35. A spread spectrum communication apparatus in which an arbitrary number of delay waves delayed by an arbitrary 
number of chips with respect to a spread signal are multiplexed on transmitting side, and modulated data obtained 
by differential decoding of data held by continuous delay waves is received, comprising: 

detecting means (712) for estimating phase difference caused by frequency offset between transmission/ 
reception; and 

compensating means (721-724) for providing compensation with demodulated data in accordance with the 
amount of delay of each of the multiplexed waves in accordance with detected correlation peak and estimated 
value estimated by said detecting means. , . . 

36. A spread spectrum communication apparatus, comprising: 

correlating means (709. 71 0) for detecting correlation peak value of each wave of multiplexed spread signals; 
correlation peak period detecting means (720) for detecting period of correlatbn peak value of each wave 
based on an output from said correlating means; 

differential demodulating means (711 ) for differentially demodulating based on the output from said correlating 
means for outputting data; 

demodulated data rotating means (714) for rotating phase of the data demodulated by said differential demod- 
ulating means; 

phase difference detecting means (712) for extracting phase difference of each wave based on a signal from 
said differential demodulating means; and 

means (721 -724, 723, 730) responsive to detection of the period of the correlation peak value by said corre- 
lation peak period detecting means, for estimating mean value of phase difference of each wave based on 
the phase difference extracted by said phase difference extracting means, and for compensating for the de- 
modulated data output from saki demodulated data rotating means. 

37. The spread spectrum communication apparatus according to claim 36, wherein 

said compensating means includes 

phase diffei'ericeiestimating means (71 3) for estimating mean value of phase difference of each wave based 
on the phase difference extracted by said phase difference extracting means, and 

operating means (730) controlled In accordance with an output from said correlation peak period detecting 
means, for multiplying the mean value of the phase difference estimated by said phase difference estimating 
means by a coefficient in accordance with an amount of delay, for compensating for the demodulated data 
output from said demodulated data rotating means. 

38. The spread spectrum communication apparatus according to claim 36, wherein 

said compensating means Includes 

first switching means (721 ) switched department on whether the correlation peak value detected by said cor- 
relation peak period detecting means Is at a first value or a second value, 

first phase difference estimating means (722) responsive to switching of said first switching means by the 
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correlation peak value of the first value, for estimating the phase difference of each wave extracted by said 
phase difference extracting means; 

second phase difference estimating means (723) responsive to switching of said first switching means by the 
correlation peak value of the second value, for estimating phase difference of each value extracted by said 
s phase difference extracting means, and 

second switching means (724) switched dependent on whether the correlation peak value detected by said 
correlation peak period detecting means is at a first value or a second value, for providing compensatton for 
the demodulated dala output from said demodulated data rotating means in accordance with an amount of 
delay, based on the phase difference estimated by said first and second phase difference estimating means. 

10 

39. A spread spectrum communication apparatus, comprising: 

multiplexing means (809-811) for spreading a transmission signal by using a single spread code generating 
a plurality of spread symbols, delaying continuous said spread symbols by a single or a plurality of chips of 
IS the spread signal and for multiplexing the plurality of spread symbols; and 

data inserting means (814, 815) for inserting data for maintaining constant or multiplying by a constant value 
the data corresponding to one or a plurality of chips of said multiplexed signals. 

40. A spread spectrum communication apparatus in which a transmisston signal is spread by using a single spread 
20 code to generate spread symbols, continuous said spread symbols are delayed by one or a plurality of chips of 

the spread code and the plurality of spread symbols are multiplexed and transmitted, and the transmitted spread 
spectrum signal Is received, comprising: 

correlating means (851, 852) for receiving and correlating said spectrum signal with a predetermined code 
and for outputting a correlation peak value; 

pattern recognition means (856) for recognizing a pattem indicative of a correlation peak value output from 
said correlating means; and 

means (541 , 542) for setting a code different from said predetermined code, based on a pattem recognized 
by said pattem recognizing means. 

41. A spread spectrum communication apparatus Including 
a reception antenna (102) for receiving a transmission signal, 

frequency converting means (104) for frequency converting the signal received at said receptioa antenna by 
35 a frequency in synchronization with or close to transmissbn frequency, to baseband I and Q signals, 

converting means (110) for converting the baseband I and Q signals converted by said frequency converting 

means to digital signals, 

correlating means (114) for correlating an output from said covering means with a predetermined code, 
differential demodulating means (179) for differentially demodulating an output from sakJ correlating means, 
40 and 

detemiining means (178) for determining an output from said differential demodulating means for providing 
demodulated data, in whrch the transmission signal is spread by using a single spread code to generate spread 
signals, continuous said spread symbols are delayed by one or a plurality of chips of the spread code, and 
the plurality of said delayed symbols are multiplexed and transmitted, and thus transmitted spread spectrum 

45 signal Is received, wherebi 

assuming a random transmission data, possibility of generation of signal points on I and Q phase planes of 
the output of said differential demodulating means is calculated in advance, means coordinate thereof is cal- 
culated in consideration with said possibility of generation, and determination by said detemnining means is 
performed after I and Q coordinate values of the mean coordinate are subtracted from data to be determined 

so of the I and Q signals. 

42. A spread spectrum communication apparatus including 

a reception antenna (102) for receiving a transmission signal, 
ss frequency converting means (104) for frequency converting the signal received at said reception antenna by 

a frequency in synchronization with or close to transmission frequency to baseband I and Q signals, 
converting means (110) for converting the baseband I and Q signals frequency converted by said frequency 
converting means to digital signals. 
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correlating means (114) for correlating an output from said converting means with a predetermined code, 
differential demodulating means (179) for differentially demodulating an output from said correlating means, 
and 

determining means (178) for determining an output from said differential demodulating means and obtaining 
demodulated data, in which a transmission signal is spread by using a single spread code to generate spread 
symbols, continuous said spread symbols are delayed by one or a plurality of chips of the spread code and a 
plurality of said delayed symbols are multiplexed and transmitted, and thus transmitted spread spectrum signal 
is received, wherein 

assuming random transmission data, possibility of generation of signal points on I and Q phase planes of the 
output of said differential demodulating means is calculated in advance, mean coordinate thereof is calculated 
in consideration of said possibility of generation, and said determining means determines using the I and Q 
coordinate delay of the mean coordinate as reference for determining I and Q signals. 
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